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This manual provides technical information for understanding theæ PC3XX-AA 
Real-Time Interface Module and the Analog Data Module. It ine udes detailed 
register information necessa-y for assembly language programming. Chapters 
1 tl:-ough 6 deseribe the Real-Time Interface Module. Chapters 7 through 12 
describe the Analog Data Module. 


Installation information for the Keal-Time Interface Module can be found 
in the PC3XX-AA Real-Time Interface Module Installation Guide 
(EK-PC3AA-IN). 


Information for using the Real-Time Interface Module or the Analog Data 
Module with the Professional Real-Time Interface Library (PRTIL) soft- 
ware can be found in the PC3XX-AA Real-Time Interface Module Ovrner’s 
Manual (EK-PC3AA-OM) and the Analog Data Module Owner's Manual 
(EK-ADMPC-OM). 


Additional technical information about the Real-Time Interface Module and 
the Analog Data Module can be found in the Maintenance Print Sets for each 
product. The part numbers are listed below. 


Real-Time Interface Module MP-01713 
Maintenance Print Set 


Analog Data Module MP-01985-01 
Maintenance Print Set 
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The Real-Time 
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Chapter 1 
The Real-Time interfa-e Module 





The Real-Time Interface Module (RTI) enables a Professional 300 series com- 
puter to communicate with remote devices in a real-time environment. It 
consists of the module itself (part number 54-15539-01) and an internal cable 
(part number 17-00404-01), and is mounted in the sixth physical slot (CTI Bus 
Slot 5) at the rear of the computer's card cage. 


The RTI contains three separate interfaces that operate independently and can 
interrupt the Professional computer's CPU. An interrupt status register is 
provided to identify which interface interrupted the CPU. The three interfaces 
are: 


O Serial—This interface consists of two asynchronous Ser'al Line 
Units that conform to the EIA RS-232C/RS-423 standard. Each is 
capable of independent full-duplex or half-duplex operation with 
user-selectable baud rate, character length, number of stop bits, and 
parity generation and detection. 


O IEEE-488—This interface consists of a byte-serial, bit parallel bus 
interface that conforms to IEEE Standard 488-1978 Standard [EFEE- 
488 protocol is handled automatically in talker, listener, or controller 
operational modes. Every [EEE-488 device interface function is 
implemented. 
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0 «Parallel —This interface consists of turze ®-bit ports that ean he 
programmed for a wide variety of input and output combinations 
Three modes of input ‘output (1/0) operation are pron ided Mode @ 
allows general input and output without handshaking of interrupt 
capabilities. Mede 1 allows beth handshaking capabilities and 
interrupts, if desired, through two s-bit perts. Mode 2 allows 
bidirectional 1/O through one &-bit port with a four-wire 


FUNCTIONAL COMPONENTS 

The Real-Time Interface Module (RTI) consists of the follow ing five functional 
components: 

The Interrupt Logic and Bus Interface 

The Serial Logie 

The IEEE Logic 

The Paralle! Logie 

The Self-Test ROM , 


wud a @ 


The functional components are summarized below and shown in Figure 1-1. 
RTI Simplified Block Diagram. 


Interrupt Logic and Bus Interface 


The interrupt logic receives interrupts from the three 1 © interfaces ane 
transfers either an IRQ A or an IRQ E signal to the CTI Bus An [REF 
interrupt becomes an IRQ A signal, and all other interrupts become an IRQ B 
signal. When the RT! is addressed by the CPU, the interrupt 'ovic respond- 
with the BRPLY signal. 


The bus interface receives control signals from the CTI Sus, translates them. 
and transfers them to the other four functional components It also serves as 4 
bidirectional buffer for addresses and data. 


Serial Logic 


The serial logic contains two independent serial line units (SLUs) The SLU s 
communicate with remote devices according to EL! RS-232 42) protocels 
Parameters and haud rate of the serial data can be specified by \our program 
The SLUs generate interrupts upon completion of each transmitted and 
received message. 
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Figure 1-1 
RT! Simplified Block Diagram 


EEE Logic 


The IEEE logic allows the RTI to be configured as the s\ stem controller 
controller-in-charge, talker, or listener on an [EE E-48» bus. The IR EF logs 
provides interrupt driven data transfer and a.iows handshaking lines to he 
controlled to allow data processing during interrupts. An auxiliary command 
register is provided to simplify some of the commonly used functions in an 
IEF EE-488 environment. 
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Parallel Logic 


The parallel logie contains three s-bit parallel input output ports. There are 
three modes of operation, providing for data transfer either with or without 
handshaking signais. Interrupts are available in the second and third mode of 
operation (mode 1 and mode 2) and can be enabled or disabled. 


Self-Test ROM 


The self-test ROM contains a 4K byte diagnostic program that tests the IO 
interfaces. It is activated automatically each time that pewer is applied to the 
system in which the RTI is installed. The ROM does not generate interrupts 
itself, but uses the 1/0 interfaces to signal the CPU when diagnostic tests are 


completed. 


Table 1-1 lists the registers and register groups that exist on the Real Time 
Interface Module and their addresses. 








Table 1-1 

RTI Registers 

Address Function 

17775200 ROM Data Register 

17775202 ROM Address Register 

17775206 interrupt Status Reqster 

17775210 - 17775216 Paralle! | ogic Register Group 
17775220 - 1777523%6 IEEE Logic Regrster Group 
17775240 - 17775246 Serial Logic SLU 1 Register Group 
17775250 - 17775256 Serial Logic SLU 2 Register Group 
17775260 - 17775276 IEEE Maintenance Register Group 





NOTE. Although :'e RTI registers can contain 16 bits, onty the low byte 

(hits 7 Oi is significant in all cases because the RTL os net connected to bits 
1D Sof the C71 BDAL bus When \ou write to a register, the hugh byte cbits 
5 bos gsnored 
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ACCESS TO THE MODULE 


Cabling connections to the RTI are made through the internal cable's connec- 
tor. This 62-pin connector is on the hack of the Professional computer's chassis 
and ailows connection of one of four optional cables. The pins available in the 
internal cable connector are shown in Figure 1-2. 
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The optional cables available should be chosen according to which of ihe 
interfaces you plan to use. To use all of the interfaces simultaneously, the 
PC3XX-AB cable and connector pod should be used. This pod has two 25-pin 
D-connectors for the serial line units, an IEEE-488 connector, and a 30-pin 
barrier strip for access to the parallel 1/O ports. This cable and pod is shown in 
Figure 1-3. Other cables for use of one interface at a time are also available. 
The BCC10 cable allows use of the serial line units. The BCC11 cable allows use 
of the IEEE-488 interface. The BCC12 cable aliows use of the programmable 
paraliel port. The PC3XX-AA Owner's Manual contains complete details on 
these cables. 





WA 10728 


Figure 1-3 
PC3XX-AB Cable and Connector Pod 
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Chapter 2 
Interrupt Logic and Bus Interface 





Figure 2-1, Interrupt Logic and Bus Interface Simplified Block Diagram, sum- 
marizes the operation of the interrupt logic. 


interrupt Logic 


An interrupt from the IEEE Logic causes the RTI to generate an IRQ A 
interrupt to the CPU. Any other interrupt (serial or parallel interrupt) gener- 
ates an IRQ B interrupt. The serial logic generates an interrupt whenever 
either serial line unit completes a transmit or receive function. The parallel 
logic generates an interrupt only under certain conditions. The parallel [ © 
interrupt decoder generates a PAR [/O INTA signal when the INTEA 1, PC 3. 
and 1/O WRT signals are true simultaneously, and generates a PAR | O INTB 
signal when the INTEB 1, PC 0, and 1/O WRT signals are true simultaneously 


When the RTI is addressed by the CPU, the combination of the BSLOT SEL 


and DATA STB signals being true causes the interrupt logic to send the 
BRPLY signal back to the CPU as an acknowledgment. 
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The control command buffer :.ccepts command signals from the CTI bus and 
transfers them to the serial, CEE, and parallel logic interfaces and to the self- 
test ROM. The bus signals .re described briefly below. 








Tabie 2-1 
Bus Interrace Signals 
— UU EEEEEEEE—————E———————————— — — — — — 
Signal Name Funchon 
BWRITE Bus Write Becomes WAT within the RT) used Dy the senal 
and parallel logic and the self test ROM 
BWLB Bus Write Used only by the IEEE logic as a ante enable 
Low Byte signal 
BDATA STB Bus Data Used by the CPU to teil the bus interface (and ofner 
Strobe Professiona! computer options on the bus) that the 
information on the huffered data address tines 15 
data it 1s also used Dy the senal and parailet bogn 
to distinguish hetween addresses ard data 
BADD .'B Bus Address Used by the CPU to fell the Dus imterface (and other 
Strobe Professional computer options on the bus) that th 
information on the Duffered data address wnes 1s an 
address This combination of signals Generates the 
address signals (ADD 1 through ADD 7) tor tne rest 
of the logic on the RT! 
BSOEN Bus Slave Used by the IEEE and parallet logic to contiuqurs 
Drive Enable them to receive data from remote devices and 4 
the data available to the bus interface Its also 
used by the mode decoder section of the Dus 
interface in Combination ain BSLOT SEL to place 
the data address |, O buffer into the transmit moc 
to transfer data to the CPU This Combinatinr 
enables the transfer of data from remote devices to 
the CPU 
BMIDEN Bus Master Used only by the mode decoder section of the Dus 
Data t nable interface im Combination with BSLOT SFL to place 
the data address | O buffer nto the rece:le mode to 


transter data trom the CPU 
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Table 2-1 

Bus interface Signals (Cont.) 

Signal Name Function 

BINIT Initiahze Asserted automatically by the CPU when the 


Professional computer is first turned on It sets the 
RTI (and the rest of the Professional computer) to a 
known state This signal 's also asserted by a 
software RESET instruction 


NOTE: Use of the RESET instruction is not recommended since it may 
disrupt program execution, adversely affect system operation, and cause the 


loss of data. 
BDAL 0 Buffered Connected to a trectional three state transceiver 
through Data/Address Within the RIL the same lies are labeled (XBUS 0 
BDAL 7 Lines through DBUS 7 
BSLOT SEL Bus Slot Select Used together with 
BIO SEL Bus and the ADD 3 4. 5. and 6 signals to generate the 
Input/Output SELect 0 through 7 signals that are used by all the 
Select logic in the RTI 
Crystal Oscillator 


The RTI contains a 5.0688 MHz crystal oscillator to develop its internal timing 
signals. The buffered output is at oscillator frequeney and is labeled 5 MEIz. 
The clock frequency is not user addressable and cannot be changed. The clock 
is used to develop timing for the SLU's baud rates; these baud rates are user 
selectable. 


INTERRUPT STATUS REGISTER 


An interrupt status register is provided for the IRQ B interrupts. When an 
IRQ B interrupt occurs and this register is read, the register will identify the 
section of the RTI that is requesting service. See Figure 2-2. 


FUNCTION BITS ADORESS 





RE .O ONLY 17775206 
Figure 2-2 
IRQ B interrupt Status Register 


14 





INTERRUPT LOGIC AND BUS INTERFACE | CHAPTER 2 


Table 2-2 





— — —— 
0 NO IRQ B INTERRUPT 
2 IEEE MAINTENANCE 
4 PARALLEL PORT B 
Bits 6 PARALLEL PORT A 
7? through O 10 SLU 2 RECEIVE 
le SLU 2 TRANSMI!! 
14 SLU 1 RECEIVE 


16 SLU 1 TRANSMIT 





Note that the coding of the interrupts lends itself easily to the construction of 
a table within your program for branching. The table should contain the 
branch addresses for the portions of your program devoted to handling each 
1 © interface. The contents of the interrupt status register can be added 
directly to the base address of the table to obtain the proper branching 
whiress. 


The IFEF port interrupts the CPU on the IRQ \ line. This has priority Over 
IRQ B and is dedicated to the IEEF port only All other Interrupts occur on the 
IRQ B lin 


The IRQ B logic is driven by a ring counter (not shown in Figure 2-1 at 25311 
Miz. It continuously samples the inputs until it finds one asserted. Then the 
counter stops, loads the interrupt status register with the device code, and 
asserts the IRQ B interrupt to the Professional computer's CPU. The CPU 
must read the [RQ B interrupt status register to determine w hich interf see is 
requesting service. Onee the interface is serviced, it deasserts its interrupt 
request line to the IRQ B logic, and the logie resumes eveling through the 
inputs. This method permits only one interrupt to occur at a time and gives 
each interface an equal opportunity to request service from the Professional 
computer's CPU 


1§ 
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Serial Logic 





Figure 3-1, Serial Logie Simplified Block Diagram. summarizes the operation 
of the serial line units. 


There are two serial iine units (SLUs), labeled SLU 1 and SLU 2, within the 
serial logie section of the RTI, they are programmed and operate indepen- 
dently. Each uses a Signetics 2661 Enhanced Programmable Communication 
Interface (EPCT) chip plus EIA drivers and receivers. The EPCI chip contains 
its own I/O buffers and shift registers for controlling asynchronous character 
protoco!. This chip converts parallel data characters from the DBUS into serial 
data for transmission to remote devices. In addition, it converts serial data 
from remote devices into parallel data for (PU processing. 


Both SLUs are controlled by the INIT, ADD 1. ADD 2, and WRT signals 
received from the bus interface. SLU 1 is selected by the lozical AND of the 
SEL 4 and DATA STB signals; SLU 2 is selected by the logical AND of the SEL 
5 and DATA STB signals from the bus interface. 


The 2661 chip's baud rate generator receives an input of 5.0688 MHz from the 
oscillator on the RTI and can be programmed to operate the SLU at speeds 
from 50 to 9600 baud. 


The modem control logic receives CARRIER DETECT, CLEAR TO SEND. and 
DATA SET READY handshaking signals from remote devices. and transmits 
DATA TERMINAL READY and REQUEST TO SEND handshaking signals. 
Refer to the PC3XX-AA Real-Time Interface Module Owner's Manual 
(EK-PC3AA-OM) for a discussion of EIA RS-232C/ 423 handshaking protocols. 
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The transmitter logic is used to send serial data to a remote device and gener- 
ates a TA of TB INTERRUPT when it is ready to accept another byte from the 
Professional computer's CPU. Details on the generation of this interrupt sig- 
nal are described helow. 


When it has received a complete byte from a remote device and is ready to be 
read by the CPU, the receiver logic generates an RA or RB INTERRUPT. 
Details on the generation of this interrupt signal are described below. 


The receiver and transmitter are specifically enabled or disabled by your 
program. Both full-duplex and half-duplex operations are available. Full- 
duplex operation occurs when both the transmitter and the receiver are active 
simultaneously. Half-duplex operation occurs when only one (either the 
receiver or the transmitter) is active. 


The SLU's transmitter and receiver conform to ETA RS-232 422 standard with 
respect to signal levels and to the RS-232) 422 handshaking signals as described 
below. 


The SLUs contain holding, status, mode. and command reyisters. Table 3-1 
lists all the serial line unit registers and addresses. 


Table 3-1 

SLU Register Addresses 

— — — — — — — — — 
Address Register 

17775240 SLU 1t Recenwe, Transmit Holding Register 
17775242 SLU 1 Status Register 

17775244 SLU 1 Mode Regisiter 

17775246, SLU 1 Command Register 

17775250 SLU 2? Rereive/Transmit Holding Register 
177787F2 SLL) 2 Status Register 

17775254 ° StU 2 Mode Register 


‘ 
17775256 = &_-S SLU 2 Command Register 





21 


CHAPTER 3| SERIAL LOGIC 


Receive Holding Register 

; 
The receive holding register (Figure 3-2) is an 8-bit read-only register that 
contains the data being received by the SLU. The SLU receiver assembles 
incoming characters one bit at a time. When a full character is assembled, the 
receiver places the data in this register. When the register is read, the RxRDY 
signal is deasserted. Bit 1 clears in the SLU status register. 


FUNCTION ants ADDRESS 
%s ww 13 12 #6 0 oO o8 or 6 o8 OF jo} ##=O2 Of oO 


1 17775240 


Figure 3-2 — 
Receive Holding Register 


Transmit Holding Register 


The transmit holding register (Figure 3-3) is an 8-bit double-buffered write- 
only register for the data being transmitted by the SLU. Its associated shift 
register is not directly addressable. Data is written into the transmit holding 
register by the program. If the transmitter is en2bied, and the clear-to-send 
modem control signal is true, the data is automatically moved (in parallel, that 
is, all eight bits at once) to the SHIFT register where it is transmitted serially 
to remote devices. Sec ine section Transmitting Data. 


Note that the transmit holding register and the receive holding register are at 
the same address. When the address is written to, the register is used as ihe 
transmit holdiag register. When the address is read, the register is used as the 
receive holding register. 


Both the receiver and transmitter can be enabled simultaneously (full-duplex 
operation); it is possible to use both reyisters simultaneously. 


FUNCTION Bits ADDRESS 
Ss 14 13 12 " 10 09 08 0” 06 05 8 04 03 02 0' 00 


, SLU 1 17775240 
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SLU Status Regi-«ter 
The SLU status register is shown in Figure 3-4. 


FUNCTION ers AULDRESS 


SLU 1 19775242 





Figure 3-4 
SLU Status Register 
Table 3-2 
SLU Status Register Data 
Bit 
Number Value Significance 
0 0 Transmitter Holding Register Busy 
1 Transmitter Holding Register Empty 
(Data can be written to it) 
1 0 Receiver Holding Register Empty 
1 Recewer Holding Register contains data which can be read 
2 0 Transmitter Shift Register is not empty 
1 lransmutter Shift Register is empty or a change has occurred in one 
of the input modem control | 
3 0 No Error 
1 Parity Error 
4 0 No Error 
1 Overrun Error (A new received data byte wac written into the receive 
holding register before the previous data byte was read ) 
5 0 No Error 
1 Framing Error (missing stop bit on receive) 
6 0 Carner Detect input is False 
1 Carner Detect input is True (Asserted) 
7 0 Data Set Ready input is False 
1 Data Set Ready input is True (Asserted) 
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Bits 0 and 1 indicate the current status of the TxRDY signal and the RxRDY 
signal, respectively. These signals are true orsfalse depending on whether the 
transmit holding register or the receive holding register currently has data in 
it. For details, see Transmitting Data and Receiving Data. 


When set, bit 2 in the status register means one of two things. When either the 
transmitter or receiver is enabled, and a change occurs in either the incoming 
carrier detect or incoming data set ready signal, bit 2 becomes set. The change 
ean be either low to high or high to low. Bit 2 also indicates the current status 
of the transmit holding register when the transmitter is enabled. If set, bit 2 
indicates that the transmit holding register is empty. When the status register 
is read or a data byte is written into the transmit holding register, bit 2 is 
cleared. 


The error indicators (bits 3, 4, and 5) are cleared when the next received word 
enters the receive holding reyister, or when they are specifically reset by bit 4 
in the command register. The other bits in the status register are set or cleared 
as the conditions they monitor change. For example, bit 7 remains set as long 
as DSR remains asserted and is cleared only when DSR drops low. 


SLU Mode Registers 


The mode registers (Figure 3-5) allow you to specify the parameters of data 
transmission. There are two mode registers, mode 1 and mode 2, in each SLU. 
An internal pointer is set to the mode 1 register by the INIT signal at power-up 
or by reading the command register. Each time a mode register is written or 
read, the pointer toggles to the other register. When you first set the data 
parameters, the mode | register should be written first. See Tables 3-3 and 3-4 
for the mode register data. 


NOTE: INIT clears the mode, command, and status registers, and puts the 
SLU into the idle state. 


FUNCTION BITS ADDRESS 
§ 14 13 12 "1 10 09 08 0? 06 05 04 03 02 0! 00 
nw SLU 1 17776244 
we +7008 
Figure 3-5 
SLU Mode Registers 
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Table 3-3 
SLU Mode 1 Register Data 
Bt 
, 9 — — 
1-0 01 Always (forces asynchronous operation) 
3-2 These bits determine character length 
00 5 Bits 
01 6 Bits 
10 7 Bits 
1 8 Bits 
4 0 Parity disabled 
Panty enabled 
6, 0 Odd panty enabled 
1 Even parity enabled 
7-6 These bits determine the number of stop . 's 
00 Invahd 
01 1 Stop Bit 
10 1 '2 Stop Bits (receive only) 
" 2 Stop Bits 
Table 3-4 
SLU Mode 2 Register Data 
Bit 
Number Value Significance 
3-0 These bits select the baud rate 
0000 50 
0001 75 
0010 110 
0011 1345 
0100 150 
0101 300 
0110 600 
0111 1200 
1000 1800 
1001 2000 
1010 2400 
1011 3600 
1100 4800 
1101 7200 
1110 9600 
7-4 0011 Always (Causes the SLU to generate the baud rate internally using 


the 5 0688 MHz clock) 
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SLU Command Register 
The SLU command register is shown in Figure 3-6. 


§ 14 3 


BITS ADDRESS 


1 J0 oo oaow#ehe#@ wwe oe vo da} 02 0o' Oo 


SLU 1 17775246 
SLU 2 17775256 





3-6 
SLU Command Register 
Table 3-5 
SLU Command Register Data 
Bit 
Number Value Significance 
U 4 Transmitter Enabled 
0 Transmitter Disabled 
1 1 Forces Data Terminal Ready (DTR) True 
0 Forces Data Terminal Ready (DTR) False 
2 1 Receiver Enabled 
0 Receiver Disabled 
3 0 Normal Operation 
1 Force Break Condition 
4 0 Normal 
1 Resets Error Flags in Status Register 
5 0 Forces the Request-To-Send (RTS) output False one clock time after 
the transmit shit register is emptied. 
1 Forces the Request-To-Send (RTS) output True. 
7-6 These bits control the operating mode. 
00 Normal Operation 
01 Automatic Echo Mode 
10 Local Loopback 
11 Remote Loopback 


Bits 0 and 2 enable the transmitter and receiver, respectively, if set. See 
Transmitting Data and Receiving Data. 
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Bits 1 and 5 control the output modem control signals used by the SLU See 
Figure 1-2 for the location of these signals on the internal cable connector, See 
Modem Control for a description of the purpose of each signal 


Rit 3, when set, puts the data transmit line into a break condition (continual 
low). The data line remains low until this bit is cleared. 


Bit 4, when set, clears the error flags (bits 3, 4, and 5) in the status register 
Unlike the other bits in the command register, bit fis not latched) When you 
set bit 4, the status register error flags are cleared, bit 1 then clears itself, 
When the command register is read, bit 4 always reads zero. 


Automatic echo, local loopback, and remote loopback are used for diagnostic 
testing of the SLU. When automatic echo is selected, all data received is 
automatically placed in the transmit holding register as well as in the receive 
holding register. The receiver must be enabled for this mode, but the transmit- 
ter does not need to be enabled. The transmitter transmits the received data as 
it is placed in the transmit holding register by the receiver. The TXRDY line 
remains continually asserted. You can still read the incoming data by acces- 
sing the receive holding register. Remote loopback is the same as automatic 
echo except that you cannot access the incoming data in the receive holding 
register. You can however, monitor the error bits in the status register In local 
loopback, data you place in the transmit holding register is alse fed into the 
receiver and placed back in the receive holding register 


There is no special initialization command for the SLUs However, vou should 
specify the parameters of the transmitted or received data by writing to the 
mode registers before writing any thing into the command register In addition, 
you May Want to monitor the status register before writing to the command 
register to check the status of the incoming modem control lines. Both the 
transmitter and receiver require their respective handshaking line to be 
asserted low before they will be operative 


TRANSMITTING DATA 


The following steps are necessary to transmit data through either serial line 
unit. First, set the transmit enable (TXEN) bit in the status register. Write the 
first data byte to the transmit holding register. This clears bit 0 in the status 
register When the clear-to-send modem signal is received true from the 
receiving device, the transmitter becomes operative and the data byte is auto- 
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matically transferred to the shift register. The transmitter is Operative when 
both clear-to-send and TxEN are true. When the transmitter is operative, the 
contents of the shift register are transmitted. 


When the data byte is moved (in parallel, that is, all eight bits at once) to the 
shift register, TXRDY is asserted low, meaning that the transmitter is opera- 
tive and the holding register is empty. This generates a B interrupt in the 
interrupt logic. A new data byte can be written to the holding register. 


The transmitter automatically sends a start bit before each data byte. The 
least significant bit of the data is sent first. After the most significant bit, a 
parity bit is sent, if parity is enabled. The specified number of stop bits are 
then sent. Transmission always begins as soon as the shift register is full, if 
the transmitter is enabled. If after sending the contents of the shift register 
there is no data in the holding register, the transmit output line of the serial 
line unit (pin 12 on J1 for SLU 1 and pin 9 on J1 for SLU 2) remains high. If you 
want to keep the transmit line in a continuous low state, set the send-break bit 
(bit 3) in the command reyister. The send-break bit must be cleared before 
data transmission can resume. 


When the shift register is empty, the next data byte (assuming it has been 
written into the holding register) is automatically transferred from the hed- 
ing register if the transmitter is still operative. If the holding register is 
empty. TXRDY stays true (low). If the holding register is not empty, the data is 
transferred to the shift register. 


The transmitter becomes incperative whenever the shift register is empty, and 
vither the clear-to-send signal becomes false, or the TXEN bit is cleared. There- 
fore, if tne clear-to-send signal becomes low while data is in the shift register, 
that data is allowed to transmit to completion. However, as soon as the shift 
register is empty, the transmitter becomes inoperative and TxRDY is not 
asserted true. If the shift register is currently empty and the clear-to-send 
signal becomes false, the transmitter is disabled immediately. 


DISASLING TxROY INTERRUPTS 


Under the sequence described above, the TXRDY interrupts are generated after 
every data byte, including the last data byte, is transferred from the holding 
register. When TxRDY is true (low), B interrupts are generated and remain 
asserted until TxRDY is false. To disable this interrupt after the last data byte 
has been sent, wait until the last TxRDY is true, meaning that the last data 
hyte is in the shift register Clear the TxEN bit (bit 0 in the status register) 
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The transmitter will be disabled as soon as the contents of the shift register 
have been transmitted. Write a dummy byte into the holding register. This will 
cause TNRDY to go false and stay false when the transmitter actually becomes 
inoperative. 


To enable the TARDY interrupts when you want to start transmitting again, 
write the first data byte into the holding register. Then set TXEN true in the 
command register. As soon as the clear-to-send signal is true, the transmitter 
will hecome operative and the data will be transferred to the shift register 
This will cause TARDY to become true and to generate a B interrupt. Data 
transmission can then continue. 


RECEIVING DATA 


Data is placed in the receive holding register when the receiver is operative 
and data is present on the input lines. The receiver is operative when the RVEN 
bit is set in the command register and the carrier-detect signal is being 
received low from the external device. The receiver detects data on the input 
line by searching for a valid start bit. As bits are received, they are assembled 
one bit at a time by the receiver. When the entire 8-bit character is assembled, 
the data is placed in the receive holding register starting with the low order 
bit. If the received character is less than & bits, the high order bits are set to 
zero. When the receive holding register has data in it, the RxRDY signal is 
asserted true (low), generating a B interrupt. Bit 1 in the status register also 
indicates if the receive holding register has data in it. When the receive hold- 
ing register is read, RxRDY goes false, bit 1 in the status register is cleared, 
and the receiver places the next assembled data byte in the received holding 
re.cister. 


Therefore, to receive data, set RxEN true by setting bit 2 in the command 
register. When carrier detect is received true, the receiver begins monitoring 
the data lines. Assembled data is placed in the receive holding register and 
RxRDY becomes true. A B interrupt is generated. Read the receive holding 
register, which sets RNRDY false and clears the interrupt register. 


The receiver becomes disabled when either the carrier detect input becomes 
high, or the RxEN bit is cleared. If the receiver becomes disabled in the middle 
of assembled a data byte, that data byte is discarded and no information is 
placed in the receive holding register 
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DATA PARAMETERS 


Parameters specifying the type of data you are sending or receiving are speci- 
fied using the mode registers. The RTI always operates in asynchronous mode 
The character length specification is for the number of bits actually used in the 
character. Parity bits, start bits, and stop bits are not included in this specifi- 
cation. If enabled by setting bit 4 in the mode 1 register, the transmitter 
automatically adds a parity bit to the data it has just sent. When receiving 
data, if parity is enabled, the receiver checks the parity bit against the data 
and reports an error in the status register if the parity bit does not match the 
parity of the data. Bit 5 in the mode 1 register specifies odd or even parity and 
has no meaning if parity is not enabled. Stop bits are selectable as 1, 1.5, or 2 
stop bits. On transmit however, if 1.5 stop bits is selected, one stop bit will be 
sent. 1.5 stop bits is set only when received data has 1.5 stop bits. 


Mode 2 register is used solely for baud rate selection and applies both to data 
transmitted and data received. 


MODEM CONTROL LINES 


The SLUs receive carrier detect, clear-to-send, and data set ready modem 
control signals. A high data set ready indicates that the external device ts 
ready to send data; it can be used as a general purpose handshaking signal. A 
high data set ready is often acknowledged by a high data terminal ready 
signal, indicating that the SLU is ready for data transfer. A low on carr‘er 
detect indicates that the external device is sending data. Carrier detect must 
be low for the SLU receiver to be operative. (The receiver must also have been 
enabled—see above.) Clear-to-send is sent by an external receiving device in 
response to the SLU's asserting: request-to-send. Clear-to-send must be low for 
the SLU transmitter to be operative. (The transmitter must also have been 
enabled — see above.) 
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The SLUs send data terminal ready and request-to-send modem control sig- 
nals. Both signals are asserted or go low depending on the condition of their 
corresponding bit in the command register. Thus, writing a one to bit 1 of the 
command register causes the SLU to assert data terminal ready low. Data 
terminal ready is used to respond to an external device's data set ready signal 
Generally when the external device receives data terminal ready low, it asserts 
carrier detect and begins sending data. Request-to-send is used when the SLU 
is transmitting data. Request-to-send is generally asserted low to interrogate 
the remote device's availability. If the remote device is capable of receiving 
data, it pulls clear-to-send low. This activates the SLU's transmitter and data 
transmission begins. Request-te-send is controlled by setting or clearing bit 5 
in the command register. If bit 5 is cleared, but there is still data in the 
transmit shift register, request-to-send will go high one clock time after the 
last bit is transmitted. 
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Figure 4-1, IEEE Logic Simplified Block Diagram, summarizes the operation 
of the IEEE logic. 


The [EEE-488 logic is implemented using a Texas Instruments TMS 99144 
General Purpose Interface Bus (GPIB) Adapter chip. There are also a data 
buffer, a signal buffer, and some select logic. The data section of the TMS 
9914A transfers data between the RTI DBUS and an internal data bus. The 
data buffer transfers data between the internal data bus and remote devices 
over the IEEE bus. The IEEE bus data lines are labled DIO1 through DIOs. 


The TMS 9914A chip controls the data and signal buffers by generating a Talk 
Enable (TE A or TE B) signal in its talk enable [TIEN logic. The interrupt logic 
generates either IEEE INT or IEEE MAINT INT when service is requested 
from the CPU. The Write Enable (WREN) logic is activated by the WLB signal 
from the CPU. This function writes data or contro! signals out to remote 
devices. The SDEN signal from the CPU activates the Data Input (DIN) logic, 
which reads data in from remote devices and transfers it to the CPU. The chip 
enable EN logic is activated by either the SEL 2 or SEL 3 (SEL 6 or SEL 7 for 
MAINT) signals from the bus interface. The INIT signal from the CPU acti- 
vates the RESET logic. The clock (CLK 1) signal (2.5344 MHz) from the RTI 
provides the timing clock for the TMS 9914A chip. The controller (CTLR) logic 
activates the Direct Control (DIR CTL) logic of the signal buffer. The internal 
signal bus transfers control signals between the TMS 9914A and the signal 
buffer. The internal registers of the TMS 9914A chip are addressed by the 
register select (RS) lines 0 through 2, which are activated by the ADD | 
through 3 signals from the bus interface. 
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The select logic shown at the bottom of the block diagram (Figure 4-1) enables 
the system control (SYS CTL) logic of the signal buffer. Note that the only 


difference between the two sets of logic is the use of either the SEL 2 or SEL6 
signals, shown at the buttom left of each section of the diagram. 


The signal buffer transfers control and handshaking signals between the RTI 
and the remote devices. 
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It is beyond the scope of this document to describe fully the use of the IEEE- 
488 bus specification. The following description should not be considered com- 
prehensive. Full details on the IEEE-488 bus specification can be found in the 
IEEE-488 publication IEEE Standard Diyital Interface for Programmable 
Instrumentation, number IEEE Std. 488-1978. A supplement to the standard 
was also published by the IEEE in 1980. 
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The IEEE-4&8 bus is a bit-parallel, byte serial bus which implements a three- 
wire handshaking scheme. The handshaking is designed so that data transfer 
occurs at a rate set by the slowest instrument on the bus. This ensures that all 
data on the bus is available to all instruments. The bus consists of 24 lines 
connecting instruments. Figure 4-2 shows the IEEE-488 bus lines. Three of the 
lines are used for handshaking, five are used for bus control, eight are used for 
data transfer, and eight are used as grounds. Instruments on the bus are 
capable of being in one of three states, called controller-in-charge, talker, and 
listener. A device which is by default the controller-in-charge is called the 
system controller. The RTI is capable of being the system controller, the 
controller-in-charge, a talker, or a listener. 


The control and handshaking lines used in the IEEE bus are described below. 


Data Lines 


EO! (End Or idy) 


Figure 4-2 
1EEF-488 Bus Lines 


Control Lines 
The five control lines are ATN, REN, IFC, SRQ, and EOI. 


ATN 


The ATN (attention) line can be asserted only by the controller-in-charge. The 
state of the ATN line signifies the meaning of the data lines DIOL through 
Dios. When the ATN line is true (low), the data lines are carrying interface 
commands. (See Figure 1-10.) When the ATN line is false (high), the data lines 
are carrying data. 
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The REN (Remote Enable) control line is also sent only by the system control- 
ler. The REN line controls whether a remote device can be controlled by its 
frunt panel or by the IEEE bus. When the REN line is true (low), front panel 
controls on a remote device that is addressed as a listener are inoperative. 


NOTE: If a device has a Return to Local button or switch on its front 
panel, this function is not disabled by the REN line. The return to local 
function on a device can be disabled using the Local Lockout interface 
command. (See Data-Out Register.) Also note that when the REN line is 
false, devices do not actually enter the remote state until they are addressed 
by the controller-in-charge as a listener. 


When the REN line is false (high), the remote device may be controlled by its 
own front panel controls. Note that not all devices will be affected by the REN 
line. 


The IFC (Interface Clear) line can be asserted only by the system controller. 
When the IFC is asserted true (low), the bus is placed in a known idle state 
equivalent to the power up condition. 


The SRQ (Service Request) line may be asserted by any device on the bus. 
When a device asserts this line true (low), it is signaling the controller-in- 
charge that it needs service. Generally, the controller-in-ciiarge must serially 
poll all the devices on the bus in order to determine which device asserted SRQ. 


The EO! (End or Identify) line can be sent by either a talker or a controller-in- 
charge. It has two meanings, depending on the current state of the ATN line. 
When the ATN line is false (high), the EOI line is set true (low) to indicate the 
end of a data transmission. When the ATN line is true, the EOI line is asserted 
true by the controller-in-charge, initiating execution of a parallel poll of the 
remote devices. 
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Handshaking Lines 
The three handshaking lines are DAV, NDAC, and NRFD 


The DAV ¢tPata Valid) line is asserted low by the device sending data to 
indicate that it has just placed valid data on the data lines. 


The NDAC (Not Data Accepted) line is used by devices receiving data to 
indicate that they have latched the data on the data lines into their recei. ing 
buffers. This tine is called Not Data Accepted because it uses negative logic to 
indicate acceptance of the data. NDAC ts kept in the true state until the data 
has been latched. The transition into the false (high) state indicates data 
acceptance. 


The NRFD (Not Ready for Data) line is used by devices receiving data to 
indicate that they are now ready to receive the next data byte from the sending 
device. This line is called Not Ready for Data because it uses negative logic to 
indicate readiness. NRFD is kept in the true state as long as a device is unable 
to receive data. When the device is ready to receive data, the NRFD line is 
placed in the false (high) state. 


The handshaking lines operate in the following manner for the transfer of 
data 


1 «All active listeners indicate their readiness to receive data by placing 
the NRFD line in the false state Since the low state indicates that a 
device is not ready for data, a single device holding the NRFD line 
low will keep the line low. In this way the NRFD line is only in the 
false (high) state when all devices have released the line. This 
ensures that data transmission occurs at a speed set by the slowest 
device on the bus and that all devices are able to receive data 
concurrently. 


tc 


When the device sending data (the active talker) asserts the data 
lines, it also asserts the DAV line in the true state (low) This 
indicates that valid data is now on the bus. 
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3. When the listeners detect DAV in the true state, they set NRFD 
true. Then each listener latches the data lines to read the data byte 
and releases the NDAC line. When all listeners have released the 
NDAC line, the NIDAC returns to the high state. 


4. When the talker detects that NDAC is in the high state, it releases 
the DAV line. 


5. When the listeners detect that DAV is in the high state, and if they 
have finished processing the latched data byte, they assert the 
NDAC in the low state and allow NRFD to go to the high state. The 
handshaking sequence begins again. 


Data Lines DIO1 through DIOS 
The data lines are labeled DIO! through DIOS. 


The least significant bit of the data lines is carried on INOL. The most signifi- 
cant bit is carried on DIOS. The data lines use negative TTL (Transistor- 
Transistor Logic). The true state indicates a 1 and is represented by a voltage 
between 0 and 0.5 volts. The false state indicates a 0 and is represented by a 
voltage greater than 2.0 volts and less than 5.0 volts. 


Device States 


Any device on the bus may be in one of four states. talker, listener, controller- 
in-charge, and system controller. Devices in the talker state are set up to 
transmit data across the DIO lines. Devices in the listener state are set up to 
receive data from the DIO lines. The controller-in-charge is the device which 
determines what remote devices are talkers or listeners and can control data 
flow. The system controller is the device which is the controller-in-charge 
when power is first applied to the bus, or when the bus is cleared by the IFC 
line. 


The system controller is by default the controller-in-charge when ihe bus first 
becomes active. However, the system controller can pass the ¢ntroller-in- 
charge function to other devices. In this case, the system controller can become 
a talker, a listener, both, or neither. The system controller can regain the 
controller-in-charge state at any time by asserting the IFC line. The system 
controller is the only device permitted to control the IFC and REN lines. 


The controller-in-charge device specifies which devices are talkers or listeners 


and can, in fact, address itself as talker or listener. The controller-in-charge ts 
the only device permitted to control the ATN line. 
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All devices, regardless of whether they are configured for talker or listener, 
may he in an active or passive state. A device in a passive state is not affected 
by the control or handshaking lines and does not place data on the data lines. 


The RTI may be configured to be the system controller, the controller-in- 
charge, a talker, or a listener. 


To facilitate programming for the IEEE-488 bus, the TMS 99144 chip imple- 
ments some useful features. These include the use of auxiliary commands and 
DAC and RFD holdoffs. 


Auxiliary Commands 


Much of the complexity of the bus has been simplified in the TMS 99144 chip 
through the use of auxiliary commands. These commands allow commonly 
used functions to be performed by writing a command byte to the auxiliary 
command register. Some auxiliary commands are state dependent, that is, they 
may be used only when the RTI is controller in charge, ete. The auxiliary 
command format includes a Clear/Set (C/S) bit which allows certain features 
selected by an auxiliary command to be turned on or off. For example, the 
holdoff on all data thdfa) auxiliary command, when written with the CS bit 
set to 1, places the RTI in a holdoff on all data mode. (See Ready For Data 
Holdoff, below.) This feature then stays in effect until the hdfa auxiliary 
command is written wi:h the C,S bit set to 0. Other auxiliary commands are 
immediate execution type and the C/S bit has no meaning for them. The 
feature selected by the command occurs immediately and the program 
continues. 


The auxiliary commands are described in the section Descriptions of Auxiliary 
Commands. 


Ready for Data Holdoff 


The RFD holdoff is an interruption of the normal sequence of handshaking 
This selectable feature allows your program to examine the currently received 
byte and to alter program flow if desired. When an RFD holdoff occurs, the 
acceptor handshake sequence is not completed. Even though the RTI has 
received the data byte, if the holdoff on all data feature is selected, the NRFD 
line is held low. This puts the data or command sender on hold The NRFD line 
is not released until the program specifically writes the auxiliary command 
rhdf (release RFD holdoff). Writing this command causes the NRFD line to go 
high, indicating that the RTI is ready to receive the next data byte 


a 
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The RFD holdoff feature is selected by writing the holdoff on all data thdfa) 
auxiliary command with the C/S bit set to 1. This causes an RFD) holdeff to 
occur every time a data byte is latched into the data in register. Writing the 
hdfa holdoff auxiliary command with the C/S bit set to © clears the RFD 
holdoff feature. (See Descriptions of Auxiliary Commands } 


The RFD holdoff can be simulated by enabling the BI (byte ind interrupt: When 
this interrupt is selected, an A interrupt is generated as the data-in register 
latehes the data lines. The NRFD line is held low until the data-in register is 
read. 


The Bi interrupt and hdfa auxiliary command operate independently. If you 
write the hdfa command with the €/S bit set to 0 (to clear RFD holdoffs), but 
leave the BI interrupt unmasked, RFD holdoffs still occur every time a data 
byte is latched into the data in register. In this instance, however, using the 
rhdf auxiliary command is not necessary since reading the data-in register 
releases the NRFD line. 


Data Accepted Ho'doff 


The data accepted holdoff (DAC holdoff) is similar to the RFD holdoff, but 
affects the NDAC line insiead. The DAC holdoff is an interruption of the 
normal sequence of handshaking. This selectable feature allows your program 
to examine the currently received byte and to alter program flow if desired. 
When a DAC holdoff occurs, the acceptor handshake sequence is not com- 
pleted. Even though the RTI has received the data byte, if the DAC holdoff 
feature is selected, the NDAC line is held low. This puts the data or command 
sender on hold. The program resumes data transmission by writing the auxil- 
iary command daer (release DAC holdoff). Writing this command causes the 
NDAC line to go high, indicating that the RTI has received the data byte. 


The DAC holdoff is selected by enabling the interrupts which cause DAC 
holdoffs. The following interrupts cause DAC holdoffs when the interrupt 
condition occurs: GET (group execute trigger), UNC (unrecognized command 5. 
APT (address pass through), DC AS (device clear state), and MA (my address) 
See Interrupt Status Registers and Interrupt Mask Registers. There is no 
auxiliary command for enabling DAC holdoffs. 


The IEEE registers have addresses ranging from 17775220 to 17775236, the 


IEEE MAINT register addresses range from 17775260 to 17775270 The mainte- 
nance section is used in conjunction with the IFEE port to test the functional. 
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ity of the bus and IEEE logie, During power-up self-test, the muintenance 
section hecomes active at IEEE bus address 30, while the normal IEEE port ts 
assigned address 0. After the self-test completes, the maintenance section is 
logically disconnected from the IEEE bus. 


Tables 4-1 and 4-2 below list the TMS “1A Read and Write Reyi-ter~ Note 
that the logic reads the addresses by looking at the addre-s bits 1, 2. and 3, 


corresponding to the ADD 1, 2, and 3 signals. 














Table 4-1 
1EEE-488 Logic Read Registers 

Bits 
Address 43210 Register Name 
177752(20) 10000 interrupt Status 0 
177752(22) 10010 interrupt Status 1 
177752(24) 10100 Address Status 
177752(26) 10110 Bus Status 
177752(34) 11100 Command Pass Through 
177752136) 171110 Data In 
Table 4-2 
1EEE-488 Logic Write Registers 

Bits 
Address 43210 Register Name 
177752(20) 10000 interrupt Mask O 
177752(22) 10010 interrupt Mask 1 
177752(26) 10110 Auxiliary Command 
177752(30) 11000 Address 
177752(32) 11010 Serial Poll 
177752(34) 11100 Parallel Poll 
177752(36) 14110 Data-Out 


The use of each register in the chip is described below. 
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Address Register 

The address register (Figure 4-3) is used to specify the IEEE bus address of the 
RTI. The address is selected with bits 4 through 0, but 31 (decimal) is illegal. 
Thus, any combination of bits 4 through 0 is pussible, except the combination 
of bits 4 through 0 being all 1s (decimal 31). 


o oo oo 2 90 GO ADDRESS 





7 EDPA 1 Places RTI in dual primary addressing mode 
0 Allows only one address for RTI 

6 DAL 1 Disabies RTI as a listener 
0 Enables RTI as a listener 

5 DAT 1 Disables RTI as a talker 
0 Enables RIi as talker 


4-0 A5-Al User selected address for RTI. Can be any number 
between 0 and 30 decimal (00000 and 11110 binary) 


Bits 5 and 6, if set, disable the RTI as a talker or listener, respectively. Writing 
this register with bits 5 or 6 clear enables the RTI as a talker only or as a 
listener only, respectively. Enabling the RTI as a listener ov talker however 
does not place the RTI into the listener or talker states (LADS or TADS). This 
must still be done explicitly by the controller-in-charge. However, if the con- 
troller-in-charge addresses the RTI as a listener (or talker), and the RTI is 
disabled as a listener {or talker), it will be as if the controller-in-charge 
addressed a nonexistent device. The disable talker or listener function allows 
you to use the same address on the bus for two devices. For example, if you 
assign the RTI address 1 but disable the talker function, address 1 on the bus 
can be used for a different device that is a talker. When the controller-in- 
charge places a my talk address of 1 on the bus, the RTI does not recognize that 
as its address since the talker function is disabled. 
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The dual primary addressing. mode allows two consecutive IEEE bus addresses 
to he assigned to the RTI. If bit 7 is set, the least significant bit of any address 
placed on the bus is ignored by the RTI. Thus, «hen attempting to detect if it is 
being addressed, the RTI recognizes as its address any match between bits 4 
through 1 and the bus address. This allows the RTI to be addressed through 
two addresses; one with bit @ equal to 1, and one with bit 0 equal to ©. The least 
significant bit of any address placed on the bus is not Jost and may he deter- 
mined by reading the ulpa bit of the address status register. Dual addressing i- 
useful if you want to have separate addresses for the RTI in two different 
states. For exampie, you may want one address for the RTI as a talker and a 
separate address for the RTI as a listener. 


Address Status Register 
The address status register is shown in Figure 4-4. 





o 866 OO 8 3 2 91 ADORESS 
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Figure 4-4 
Address Status Register 
Table 4-4 
Address Status Register Data 
Bit Name Set Sigmficance 
7 REM 1 The RTI is in the remote state 
0 The ATI is in the local state 
6 LLO 1 The RTI is in local lockout 
0 The RT! 1s not in local lockout 
5 ATN 1 The ATN line is currently true (low) 
0 The ATN line ts currently false (high) 
4 LPAS 1 The RTI is in the listener primary addresseo state (LPAS) as 


defined by the IEEE-488 standard The ATI has received its 
primary listen address and the LE function ts ready to 
receive its secondar, address 


0 The RTI is not in LPAS 
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Table 4-4 

Address Status Register Date (Cont.) 
—E—{EE—_—&_~E——E—=—&={_E————————————_—_—_—_————— — — 


MAemo = Set Significance 


3 TPAS 1 The ATI is in the talker primary addressed state (TPAS) as 
defined by the IEEE 488 standard The RT! has recewed its 
primary talk address and the TE function is ready to receive 
its secondary address 


0 The RTI is not in TPAS 


The RTI is in the listener addressed state (LADS) as 
defined by the IEEE -488 standard The RTI has recognized 
its isten address and 1's prepared to perform but is not 
currently involved in data transfer Note This bit remains 
set when the RT! passes into the listener active state 
(LACS) 


0 The RTI has rot yet been addressed to listen 


: 


; 


The RTI is in the talker addressed state (TADS) as defined 
by the IEEE 488 standard The RTI has recognized its talk 
address and is prepared to perform but is not currently 
involved in. data transfer Note This bit remains set when 
the RTI passes into the talker active state (TACS) 


0 The RTI has not yet been addressed to talk 


ULPA This Dit shows the least significant bit of the most recent 
address recognized by the 9914 This bit is useful when 
using dual prmary addressing (See Address Register ) 


o 





NOTE: The address status register obtains its information from the TMS 
9911A chip at the time it is read. 


Auxiliary Command Register 


The auxiliary command register (Figure 4-5) allows you to perform commonly 
used functions of the IEEE bus by writing a single command. The commands 
themselves are deseribed individually below. 


‘Bits 0 through 4 are used tu: specify the desired command. Bits 5 and 6 have 
meaning only when they are part of the set software reset command. 
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Figure 4-5 
Aunthary Command Register 
Table 4-5 
Aunthary Command Register Date 
ort Signe! Significance 
? c/S Clear or set operation (where applicable) 
6 SCEN ° System Controlier ENable ‘1 — Enable) 
5 as ° System Controller (1 - System Controller 0 - Slave) 
4-0 F4-FO 


Aushary Command select (See Auuhary Commands) 








° Aptheable only as part of the software reset command 


Some of the auxiliary commands make use of bit 7, the clear ‘set bit. These 
commands, when written with bit 7 set, enable a feature which stays in effect 
until the command is written with bit 7 set to 0. These commands are listed 


helow. The C/S bit is shown as a c. 


Disable all interrupts 
Holdoff on all data 
Holdoff on EOI only 
Listen only 

Release DAC holdoff 
Rejuest parallel poll 
Request service bit 2 
Return to local 

Send interface clear 
Send remote enable 
Shadow handshake 
Short T1 settling time 
Software reset 

Talk only 

Very short settling time 


dai 
hdfa 
hdfe 
lon 
dacr 
rpp 
rsv2 
rtl 
sic 
sre 
shdw 
stdl 
swrst 
ton 
vstdl 


cOO10011 
—u 
COOO0 TOO 
cOOO1L00) 
cAO00001 
c0001110 
cOOT L000 
cOOOOTTI 
c0001111 
cOOTO000 
0010110 
c0010101 
COO00000 
cOO01010 
c0010111 
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The other auxiliary commands are immediate execution commands. When they 
are written to the auxiliary command register, the selected function occurs and 
the program continues. For these type of commands, bit 7, shown as an x 
below, has no meaning and may be set or clear. The immediate execution 


commands are: 

Go to standby ts xOOO1011 
New byte available false nhaf x(MMOTOL 
Pass through next secondary pts xO010100 
Release contro! rie 0010010 
Release RFD holdoff rhdf xOO00010 
Request control rye x0010001 
Set EOI true with next byte feoi xOO0T000 
Take control asynchronously tea x01 100 
Take control synchronously tes x0001101 
Descriptions of Auxiliary Commands 


On the following pages, the auxiliary commands are described. The command 
format is shown with the least significant bit of the command byte at the 
right-hand side. Some bits may be either one or zero in the command byte; 
these are shown as “x"and may be thought of as “don't care“bits. When the 
auxiliary command is the clear/set type, both the clear and set commands are 
shown. When the command is an immediate execution type, the C/S bit (bit 7) 
is shown as an “x.” 


Name Disable all interrupts 
Mnemonic dai 

Clear command 00010011 

Set command 10010011 


The dai command allows you to suspend indefinitely the generation of any A 
interrupts. The set dai command disables the ability of any unmasked inter- 
rupts in the interrupt mask register to generate an A interrupt. It does not 
change the contents of the interrupt mask register, however. Since the inter- 
rupts are disabled, DAC holdoffs do not occur. RFD holdoffs, if enabled by the 
hdfa or hdfe commands, are not affected. The clear dai command reenables the 
interrupt mask register's ability to generate A interrupts. The dai command is 
therefore used to temporarily disable the effect of the interrupt mask 
registers. 
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Name Go to standby 
Mnemonic gts 
Command x0001011 


The gts command can be used only when the RTI is the controller-in-charge 
When this command is written, the ATN line goes false. 


Name Holdoff on all data 
Mnemonic hdfa 

Clear command 90000011 

Set command 1000001 1 


The holdoff on all data command controls whether RFD holdoffs are in effect 
The set hdfa command places the RTI in RFD holdoff mode, and an RFD 
holdoff occurs every time a new data byte is latched in the data-in register. 
(See RFD Holdoff above.) The RFD holdoff is released only when the program 
writes the rhdf command. The clear hdfa command removes the RTI from RFD 
holdoff mode, and the NRFD handshaking line is controlled automatically by 
the RTI as each data byte is received. 


Name Holdoff on EO! 
Mnemonic hdfe 

Clear command 00000 100 

Set command 10000 100 


The set hdfe command places the RTI in the holdoff on EOL mode. In this 
mode, the RTI enters an RFD holdoff when it detects the end of a data string 
message. This message is the EOT line true while the ATN line is false (See 
Ready for Data Holdoff above.) The RFD holdoff must be released by writing 
the rhdf command. The clear hdfe command removes the RTI from this mode. 
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Name Listen only 
Mnemonic ion 

Clear command 00001001 
Set command 10001001 


The lon command is used when the RTI is the controller-in-charge and wishes 
to set itself up to listen. If the bus has no current controller-in-charge, lon 
could also he used to configure the RTI. The set lon command places the RTI 
into the listener addressed state (LADS). The clear lon command removes the 
RTI from the listener state (LADS, LACS, etc.). Note that a bus interface 
command could also remove the RTI from the listener state. 


Name New byte available false 
Mnemonic nbat 
Command x0000101 


This command is used only in the following circumstance. If the RTI is a talker 
and has placed a byte in the data-out register, but an interface command or 
other interruption prevents the byte from being sent, that byte is stored. (See 
Data-Out Register below.) When the ATN line again goes false, the byte is 
normally placed on the data lines. This command is used to suppress the 
transmission of the buffered byte and should be written before the ATN line 
returns to false. 


Name Pass through next secondary 
Mnemonic pts 
Command x0010100 


The pts command allows a remote device to configure the RT! for a parallel 
poll. It is used in conjunction with the UNC (unrecognized command) inter- 
rupt. If the UNC interrupt is enabled, the ppe (parallel poll configure) interface 
command causes an interrupt. Your program then examines the contents of 
the command pass through register and determines that the command is a ppc 
command. When you write the pts auxiliary command, the next received byte 
also causes a UNC interrupt and your program can obtain that byte from the 
command pass through register. This byte should be the ppe (parallel poll 
enable) interface command from the remote device. Your program then con- 
figures and enables for the parallel poll. 
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Name Release control 
Mnemonic tic 
Command: x0010010 


The rle command is used to pass control from the RTI to another device on the 
bus. The command may be written only when the RTI is currently the control- 
ler-in-charge. The command is used after the RTI has sent the TCT (take 
control) interface message to another device. The rle command completes the 
handshaking sequence by releasing the ATN (letting it go high). The other 
device then becomes the controller-in-charge. 


Name Release DAC holdoff 
Mnemonic. dacr 

Clear command: 00000001 

Set command 10000001 


If a DAC holdoff has occurred, the clear dacr command releases the DAC 
holdof?. (see DAC Holdoff above.) The RTI can then receive the next byte of 
data from the transmiiter. The handshaking sequence is handled automati- 
cally once the release DAC holdoff command is written. 


The set dacr has meaning only if the data byte just received was a secondary 
address. In this event, the C/S bit is used to indicate that the data byte was a 
valid secondary address. If the data byte was not a valid secondary address, the 
clear daer command should be written. 


Name Release RFD holdoff 
Mnemonic rhaf 
Command x0000010 


The release RFD holdoff commi.nd releases a ready for data holdoff (see RFD 
Holdoff above). The C/S bit is aot applicable and can be either 0 or 1. 


Name Request co.ttrol 
Mnemonic rqc 
Command x0010001 


The rqe command is used when the RTI is not currently controller-in-charge 
and has received the TCT (take control) message from the controller-in-charge. 
The TCT message is recognized by the unidentified command pass through 
feature. When the RTI receives the TCT command, the rqgs command should be 
written to the auxiliary command register. When the RTI detects that the 
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ATN iine is false (this is done automatically: your program doves not have to 
monitor ATN}, the RTI enters the controller active state (CACS) and now has 
control of the bus as controller-in-charge. 


Name Request paraliel poll 
Mnemonic rpp 

Clear command 00001110 

Set command 10001110 


This command may be used only when the RTI is the controller-in-charge, and 
the ATN line is asserted. The rpp command places the parallel poll interface 
command on the data lines. The remote devices respond by placing their bit of 
status information on the data line assigned to that device. The byte represent- 
ing the devices’ responses can then be read in the command pass through 
register. A minimum delay of 2 microseconds should be allowed after writing 
the rpp command before reading the command pass through reyister. The clear 
rpp command releases the ATN line, completing the parallel! poll. 


Name Request service bit 2 
Mnemonic. rsv2 

Clear command 0001 1000 

Set command 10011000 


The rsv2 command provides a second means of requesting service other than 
the rsvl bit in the serial poll register. When the set rsv2 command is written, 
the SRQ line is asserted true, notifying the controller-in-charge that the RTI is 
requesting service. When the controller-in-charge polls the RTI for the con— 
tents of the serial poll register, the SRQ line is released to the false state The 
clear rsv2 command also releases the SRQ line in the e «at that the controller- 
in-charge does not respond to the service request and you want your program 
to release SRQ. 


The rsvl bit in the serial poll register and the set rsv2 command both control 
the SRQ line. However, you should use only one or the other to request service 
from the controller. The set rsv2 command sets the rsvl bit the serial poll 
status message and, when polled by the controller-in-charge, asserts the DIO7 
line true, thus identifying the RTI as the device which requested service. 
However, when used in this way, the rsvl bit is cleared when the controller-in- 
charge reads the serial poll reyister. Thus, to request service using the rsv2 
command, you should have previously written a status word to the serial poll 
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register (with rsvl clear). This could perhaps be done during confizuration of 
the RTI (the set swrst state). Then, to request service, write the set rsv2 
command to the auxiliary command register. The SRQ line goes true; the 
controller-in-charge reads the serial poll register, identifies the RTI as reques- 
tor since the D107 line is true, and determines the RTI's status from the other 
seven bits. After the serial poll register is read, the SRQ line is set false. It is 
not necessary to write the clear rsv2 auxiliary command if the controller-in- 
charge reads the serial poll register. When you wish to request service again, 
write the set rsv2 command again. See Serial Poll Register. 


Name Return to local 
Mnemonic rt 

Clear command 00000111 

Set command 10000111 


Both the set rt! command and the clear rt] command place the RTI in the local 
state, assuming that local lockout is not in effect. If the RLC interrupt is 
enabled in interrupt mask register 0 (bit 1 is set to 1), then an A interrupt is 
generated when this command is written. In the local state, the RTI does not 
respond to any data or commands on the bus. When the set rt! command is 
used to place the RTI in the local state, the clear rt] command must first be 
written before the RTI will return to remote. The REN line will not effect the 
RTI until the clear rt] command is written. If the RTI is placed in local by the 
clear rtl command, the REN iine can piace ihe RTT back in vie remute state at 
any time. 


Name Send interface clear message 
Mnemonic SIC 

Clear command 00001111 

Set command 10001111 


This auxiliary command, which may be used only when the RTI is the system 
controller, controls the IFC control line. The set sic command asserts the IFC 
line true. This message is an IEEEAKS defined message to clear the bus 
interface. All remote devices stop any data transmission and return to idle 
states. The IEEE-48& standard sets a minimum time of 100 microseconds for 
IFC true to clear the interface. Your program, therefore, should have a wait 
cycle of at least 100 microseconds for the interface to be cleared. The clear 
command is then written to place the IFC back in the false state. 


Name Send remote enabie 
Mnemonic. sre 

Clear command: 00010000 

Set commana: 10010000 


The sre command, which may be used only when the RTI is the system control- 
ler, controls the REN (Remote Enable) control line. The set sre command 
asserts the REN line true, placing devices on the bus in the remote state. The 
line stays true until the clear sre command is written. 


Name. Set EO! true with next byte 
Mnemonic. feo: 
Command. x000 1000 


The set EOI true command, or force EOI, is used to indicate the end of data 
string message. When this command is written, the EO] goes true as soon as 
the next data byte is transmitted by the RTI. The EOI returns to false when 
the acceptor handshaking secuence completes. 


Name. Shadow handshake 
Mnemonic: shdw 

Clear command: 00010110 

Set command: 10010110 


The shdw command is used only when the RTI is the controiler-in-charge. It 
allows the RTI to participate in the listener acceptor handshaking sequence 
without actually receiving data. When the set shdw command is written, the 
DAC line is asserted true for 1.2 microseconds (3 clock cycles) as soon as the 
DAV line is true. As soon as DAV goes false, the NRFD line is allowed to go 
false. This simulates the handshaking sequence that occurs when data is 
received. After the set shdw command is written, the RTI performs the shadow 
handshaking sequence every time the DAV line goes true. The clear shdw 
command removes the RTI from the shadow handshaking mode of operation. 
The shadow handshake is particularly useful in conjunction with the tes (take 
control synchronously ) auxiliary command. If your program issues the shadow 
handshake auxiliary command before issuing the tes command, the RTI will be 
synchronized with the other devices. ATN will not be asserted as a result of the 
tes command until the end of any data transfer currently occurring. Therefore, 
any data transfer occurring when the tes command is written will not be lost. 
If you want to allow multiple byte transfers to conclude before the RTI takes 
control synchronously, the END interrupt should be enabled Your interrupt 
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service routine can then issue the tes command and clear the shadow hand- 
shake. if desired. This strategy allows all data transfer to complete before the 
RTI takes control synchronously. 


Name Short 11 settling time 
Vinemonic sid! 

Twice T1 command 00010101 

11 command 10010101 


The stdl command allows you to alter the bus settling time, T1. If the set std 
command (the (/S bit set to 1) is written, the bus settling time is set to 2.4 
microseconds (6 clock cycles). If the clear std] command is written, the bus 
settling time is set to 4.4 microseconds (11 clock cycles). The default T1 settling 
time is 4.4 microseconds. 


Name Software reset 
Mnemonic swrst 

Clear command 00000000 

Set command 1°°00000 


** These bits are used to set the RTI's status as system controller. See below. 


The software reset command is used to bring the RTI to a known idle state on 
the bus. When the set swrst command is written, the RTI enters the following 
IEEE-488 defined states: 


SIDS Source Idle State CIDS Controller Idle State 

AIDS = Acceptor Idle State LOCS Local State 

TIDS Talker Idle State NPRS = Negative Poll Response State 

TPIS Talker Primary Idle PPSS Parallel Poll Standby State 
State 

LIDS Listener Idle State SPIS Serial Pol! Idle State 


LPAS Listener Primary State 


The software reset state is equivalent to the power-on state. While in this 
known idle state, the RTI should be configured. This includes writing the 
address register to define the RTI's address, writing the interrupt mask reyis- 
ters to specify which interrupts are enabled, and writing any auxiliary com- 
mands such as holdoff on all data (hdfa) that may be desired. In addition, if the 
RTI is to be the system controller, bits 5 and 6 should be set as described below. 
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After the RTI is configured, the clear software reset auxiliary command should 
he written. At that point, the RTI is a defined entity on the bus and may 
participate in bus interactions. 


Bits 5 and 6 of the set swrst command are used to define whether or not the 
RTI is to be the system controller. Although the controller-in-charge role can 
he passed between devices capable of control, there can be only one system 
controller on the bus. The s\ stem controller is the only device that can assert 
the IFC line. Whenever the IFC line becomes true, control always returns to 
the system controller. 


The SCEN and SC bits together define the RTI's role as system controller. If 
the RTI is to be configured as system controller, both the SCEN and SC bits 
must he set when the set swrst command is written. (This is 11100000.) 


If the SCEN bit is clear (0), the SC bit is ignored and may be either 1 or 0. If 
this is the first software reset command, the RTI is not configured as the 
system controller If the RTI was previousl, defined as the system controller, 
and the software reset command is written with the SCEN bit clear, the RTI 
will remain the system controller. 


The RTI can give up its status as system controller. However, this is not 
recommended as the IEEE standard defines the bus as having only one system 
controller. The RTI, however, can be programmed to no longer be the system 
controller if it has already been defined as the system controller. All activity 
on the bus must cease and all devices must be placed in their power-up states 
for this to happen. If the RTI was previously the system controller, and the set 
swrst command is being used to specify that there is no system controller, or to 
change the role of system controller to another device (not recommended), the 
SCEN bit is set to 1 and the SC bit is set to 0. This combination clears the RTI's 
configuration as the system controller. 


Note that bits 5 and 6 of the auxiliary command byte should be used only for 
system controller definition as part of the set swrst command. They should not 
he used as part of the clear swrst command and should be zeroes. With all 
other auxiliary commands, bits 5 and 6 must both be zeroes. 
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Table 4-6 
SCEN and SC bits 
a I LE I TERE OE IE LE LE TILIA 
SCEN sc 
ou6 ons Result 
1 RTi becomes system controller 
0 o/1 No change 
0 RTI is no longer system controller 


— — — - — —— ee 


NOTE: The SC bit is CLEARED during CPU bus initialization. 


Name Take control asynchronously 
Mnemonic tca 
Command x0001100 


The tea command can be used only when the RTI is the controller-in-charge. 
When the set tea command is written, the ATN line iy asserted true and any 
data transmission on the bus stops. If the bus is currently in the process of a 
data transfer, the data transfer is not allowed to compicte, and data may be 
lost. 


Name Take control synchronously 
Mnemonic tcs 
Command x0001101 


The tes command can be used only wher the RTI is the controller-in-charge 
The tes command allows the RTI to take contro! of the bus without corrupting 
or losing any data transfer currently in progress. When the tes command is 
written, the shadow handshaking command (shdw) should also be used to 
allow the RTI to participate in the data handshaking sequence. See shdw 
below. After the tes command is written, the RTI waits until the NRFD, 
NDAC, and DAV lines are all false, then asserts ATN. 
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Name Talk only 
Mnemonic ton 

Clear command 00001010 
Set command 10001010 


The ton command is used when the RTI is the controller-in-charge and wishes 
to set itself up to talk. If the bus has no current controller-in-charge, ton could 
also be used to configure the RTI. The set ton command places the RTI into the 
talker addressed state (TADS). The clear ton command removes the RT! from 
the talker state (TADS, TACS, ete.). Note that a bus interface command could 
also remove the RTI from the talker state. 


Name Very short T1 delay 
Mnemonic: vstd1 
T1 command. 00010111 


Short T1 command: 10010111 


The vstdl auxiliary command allows further control of the bus settling time, 
Tl. The set vstdl command sets T1 to 1.2 microseconds (3 clock cycles) regard- 
less of any previous time delay set by the std] command. When the clear stdl 
command is written, the T1 time delay is set back to whatever time delay was 
previously specified by the stdl delay. If the std] command was not previously 
written, the clear vstd] command returns T1 to the default delay of 4.4 micro- 
seconds (11 clock cycles). 


Command Pass Through Register 


The bits in the command pass through register (Figure 4-6) always reflect the 
current state of the data lines in the bus. The primary purpose of this register 
is to read the data lines in the event of unrecognized interface commands. 
Unrecognized interface commands will cause a UNC interrupt if this interrupt 
is enabled in interrupt register 1. The register can also be used to read secon- 
dary addresses in the event of an APT interrupt, provided the APT interrupt 
has been enabled in interrupt register 1. 
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Figure 4-6 
Command Pass Through Register 
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The command pass through register is also used to read the data lines after 
sending an rpp (request parallel poll) auxiliary command. A delay of at least 2 
microseconds should occur between the set rpp auxiliary command and the 
reading of this register. 


Data-in Register 


The data-in register (Figure 4-7) is used to receive data when the RTI is 
configured as a listener. 
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Figure 4-7 
Date-in Register 


When the talker asserts the DAV line low, the RTI (as listener) latches the 
data on the data lines into this register. If you have enabled the BI (byte in) 
interrupt, an A interrupt is generated. At this time the RTI also asserts the 
NRFD line low, indicating that it is not ready to receive any new data. Your 
interrupt service routine can then read this register and obtain the data byte. 
When the read operation is performed, the NRFD and NDAC lines are released 
(go high), indicating that the data has been accepted and the next byte can be 
sent. 


The NRFD line must go false before the talker can transmit the next data byte. 
In default mode (no auxiliary commands written), the NRFD and NDAC lines 
go high immediately after the read operation and the talker begins the next 
handshaking sequence. However, if desired, your program can delay the 
release of the NRFD line through the use of the hdfa (holdoff on all data) 
auxiliary command. By writing this auxiliary command with the C/S bit set, 
the NRFD line is not immediately released upon a read operation. The line is 
kept in the low state until your program specifically writes the rhdf (release 
rfd holdoff) auxiliary command with the C/S bit set to 0. Called an RFD 
(Ready for data) holdoff, this delay in the release of the NRFD line is useful 
when you wish to process each data byte as received, or wish to alter program 
flow depending upon the value of each received data byte, etc. 
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In addition to the RFD holdoff described above, which causes a holdoff on the 
reception of every data byte, an RFD holdoff can be caused when the end-of- 
message string is received. The end-of-message string indicates that the data 
byte currently on the data lines is the last in a transmitted string. Devices 
recognize the end-of-data string message when the EOI line is true and ATN is 
false. The set hdfe (holdoff on end) auxiliary command specifies that an RFD 
holdoff occur when the end-of-string message occurs. The hdfe command 
would not generally be used along with the hdfa command. 


Although the data-in register shares the same address as the data out register, 
reading the data-in register does not affect the data-out register in any way. 


Data-Out Register 


The data-out register (Figure 4-8) is used when the RTI is configured to be a 
talker or controller-in-charge. As a talker, the register is used to place data on 
the eight data lines. As a controller-in-charge, the register is used to place 
either data or interface commands on the eight data lines. 
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Data-Out Register 


Use of the data-out register for sending data as a talker or controller-in-charge 
is similar. The BO (byte out) interrupt should be enabled prior to data transfer. 
The BO interrupt causes an A interrupt to occur any time a data byte in the 
register is placed on the data lines. The listener acknowledges reception by 
completing the handshaking sequence, indicating that the listener has received 
the data byte in the data-out register. Your routine which services the BO 
interrupt can now write the next data byte to the data-out register. 


If the BO interrupt is enabled, a BO interrupt is caused when the RTI enters 
the talker state. This prompts the loading of the first data byte. 
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If the controller-in-charge asserts the ATN line low while the RTI is talking, 
data transfer stops. If the RT! has written a data byte to the data-out register, 
hut the byte has not yet been placed on the bus, the byte will remain in the 
register. When the ATN line goes high, the byte will be placed on the da a 
lines. If you do nci want to have the byte placed on the daia lines in this 
instance, you should write the auxiliary command nbaf (new byte available 
false). This auxiliary command is an immediate execution command and 
should be written while the ATN line is still false. The nbaf auxiliary command 
will reset the transmission hardware and the byte in the data-out register will 
not be sent when the ATN line goes true. The register is not actually cleared, 
and a BO interrupt is not generated. The next byte written to the data-out 
register wil] overwrite the byte that was not sent. 


When the BO interrupt is enabled and the RTI is configured as a talker, the 
data transfer handshaking sequence is carried out automatically by the RTI as 
soon as your program writes data to the data-out register. 


When the RTI is configured as the controller-in-charye, the data-out reyister 
is used to transmit either data or interface commands. The state of the ATN 
line determines whether the information placed on the data Lines is interpreted 
as data or as an interface command. If the ATN line is false (high), the 
information on the data lines is data. How the listener interprets data depends 
on the device and your program. If the ATN line is true (low), the information 
on the data lines is interpreted as interface commands, which are defined by 
the IEEE-488 standard. Devices and programs that comply with the IEEE-408& 
standard wili react predictably te these commands. See below for more details 
on the interface commands. 


Transmitting data when the RTI is configured as the controller-in-charge is 


similar to transmitting data when the RTI is configured as a talker. The RTI 
addresses itself as a talker and data transfer occurs as described above. 
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Transmitting interface commands when the RTI is configured as the control- 
ler-in-charge involves writing the commands to the data-out register while the 
RTI is in the controller active state (CACS). In this state, the ATN line is 
constantly held in the true (low) state. The format for interface commands is 
shown in Figure 4-9. The IEEE-488 interface commands themselves are shown 
in Figure 4-10. For the purposes of this document, an interface command is 
defined as the meaning atuributed to the data lines whenever the ATN line is 
false. The interface commands are defined by the IEEE- 18s standard, and it is 
beyond the scope of this document to fully describe the action of each interface 
command. 


The handshaking sequence for interface commands is identical to that for 
data. The BO interrupt also functions identically for interface commands and 
for data. 


Universal 


Instrument Address 
e . 7 . M LA 
instrument Address 


Secondary Address 
2 ” — 
Condition — 
0 — — 





Figure 4-9 
interface Command Format 


Data Line = 
87684321 
00000001 

Addressed 00000100 

Commands | 00000101 
00001000 
00010001 

— 43331313* 

Commands 11 
00011000 
00011001 
00100000 

Listener 00100001 

Address : 

Commands | 00111110 
80111141 
81000000 

Talker 01000001 

Address : 

Commands | 01011110 
0101311311311 
01100000 

Secondary 

Address — 

Commands | 914111110 
011 
011 

Parallel : 

ret 1 Oh 

Enable 011 

Commands : 

011 
011 

Figure 4-10 

interface Commands 


| 


Abbreviation 


3382 
4 * 


85 


PPU 
SPE 
SPD 
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Command 
Name 


Go To Local 

Selected Device Clear 
Parallel Poli Configure 
Group Execute Trigger 


Loca! Lockout 

Device Clear 

Parallel Poll Unconfigure 
Serial Poli Enable 

Serial Poll Disable 


My Listen Address 0 
My Listen Address 1! 
My Listen Address 30 
Unlisten 

My Talk Address 0 
My Talk Address 1 
My Talk Address 30 
Untalk 


My Secondary Address 0 
My Secondary Address | 





My Secondary Address 30 


Paraile! Poli Enable 
Cordition 0 Data Line 1 
Condition 0. Data Line 2 


— O Data Line 6 
Condition 1. Data Line 1 
Condition 1 Data Line 2 


Condition 1. Data Line 6 
Paratie! Pol! Disable 


VR >t 
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IEEE Bus Status Register 


The IEEE status register (Figure 4-11) provides you with the ability to view 
the current status of the five control lines and the three handshaking lines in 
the bus at any time. The register is not latched and continually reflects the 
current state of the bus when read. In combination with the command pass 
through register, which continually reflects the current status of the eijht 
data lines, a program can determine the state of the bus at any time. 


NOTE: The IFC bit (hit 1) will not indicate a true (1) value if the RTL is 
system controller and is using the sic auxiliary command 


06 ot 03 02 ADDRESS 
one SoS SOOgo ee vino 






ny — 


Interrupt Mask Registers 
The interrupt mask registers (Figure 4-12) are latched until new information is 
written into them. 


NOTE: The interrupt mask registers are write only If vou think it may te 
Nevessar\ to real what interrupts are currentl, masked or unmasked during 
the course of your program, you may want to keep a local copy of the byte 
masks written to this register The 814A chip does not provide a means of 
interrogating the chip to determine what interrupts are currently enabled 


REGISTER ADDRESS 





INT MASK O 17775220 


0? o' 


Figure 4-12 
interrupt Mask Registers 0 end 1. (WRITE ONLY) 


WhiTE 
ONY 
INT MAS« 1 1777§222 








Table 4-7 





Interrupt Mask Register 0 Date 
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— — — — — —— —— — ——— ——— —— — — — — — — 





But 

7-6 

5 BI 

4 BO 

3 END 
2 SPAS 
1 ALC 
0 MAC 





o-- Oo - O&O = 


Signet = Sat = Significance 


— — — — = — 


Not used May be either 0 or 1 

Causes an A interrupt when the Bi condition occurs 
Disables byte in interrupts 

Causes an A interrupt when the BO condition occurs 
Disables byte out interrupts 

Causes an A interrupt on end of message conditions 
Disables end-of message interrupts 

Causes an A interrupt when the serail poll active state 
condition occurs 

Disables SPAS interrupts 

Causes an A interrupt when the RT! changes its 
remote ‘local status 

Disables interrupts on remote to local and toca! to remok 
changes 


Causes an A interrupt on my address change conditions 
This occurs whenever the RTI recogmzes its address (or 
the unlsten Command) on the bus and the current state of 
the RTI changes If secondary addressing is used the 
imterrupt does not occur when the secondary, address is 
placed on the lines {tf dual addressing ts being used the 
interrupt does not occur if the RT! is readdressed using its 
other primary address 


Disable my address change interrupts 
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Table 4-6 

Interrupt Mask Register 1 Data 
TT A I TI TT A —— 
Bit Signal Set Significance 


7 GET 1 Causes an A interrupt when a group execute trigger 
interface command is recognized on the bus and the RII is 
not the controller-in-charge. A DAC holdoff is entered which 
must be released using the dacr auxihary command 





0 No interrupt occurs when the GET condition occurs. 
6 ERR 1 Causes an A interrupt when the handshaking error 
0 No interrupt occurs when the ERR condition occurs. 
5 UNC 1 Causes an A interrupt when the UNC condition occurs A 


DAC holdoff is entered and must be released using the 
dacr auxiliary command The unrecognized command can 
be read duiing the holdoff by reading the command pass 


through register. 
0 No interrupt occurs when the UNC condition occurs 


3 


Causes an A interrupt when the APT condition occurs A 
DAC holdoff is entered and must be released using the 
dacr auxilary command. Before releasing the holdoff, your 
program can read the secondary address from the 
command pass through register The C/S bit of the DACR 
command is used to indicate whether the secondary 
address was valid or invalid If valid the C/S bit ts set to 1, 
if invalid, the C/S bit is set to0 See “Auxihary 

Commands “ When the dacr command ts used for releasing 
other DAC holdoffs, the C/S bit has no meaning 


0 No interrupt occurs when the APT condition occurs 


3 DCAS 1 Causes an A interrupt when the DCAS condition occurs A 
DAC holdoff is entered and must be released using the 
dacr auxihary command 


0 No interrupt occurs when the DCAS condition occurs 


2 MA 1 Causes an A interrupt when the My Address condition 
occurs A DAC holdoff is entered and must be released 
using the dacr auxilary command 


0 No interrupt occurs when the MA condition occurs 


1 SRO 1 Causes an A interrupt when the SRO condition occurs 
When the RTI is not the controller in charge this interrupt 
would normally not bc enabled (However, the SiiQ status 
bi in interrupt status register 1 1s always set when SRO 
becomes true, regardless of whether the RTI ts the 
controller in-charge ) 


— — — — — — — —— — — — —— — —— — 
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Table 4-6 
Interrupt Mask Register 1 Date (Cont.) 
Bit Signal Set Significance 
0 No interrupt occurs when the SRO condition occurs 
0 FC 1 Causes an A interrupt when the IFC condition occurs It the 
RTI is the system controller no interrupt occurs even if the 
bit is set (The IFC status bit is set however when the RTI 
iS SyStem Controller ) 
0 No interrupt occurs when the IFC condition occurs 
interrupt Status Registers 


The interrupt status registers (Figure 4-13) record the status of various condi- 
tions affecting the RTI as they occur. The conditions that are monitored are 
explained in Tables 4-9 and 4-10. The interrupt mask registers allow you to 
select which of the monitored conditions are enabled to cause A interrupts in 
the RTI interrupt logic (see Chapter 2). If one of the monitored conditions 
occurs, the bit in the interrupt status register is always set. If the correspond- 
ing condition is unmasked in ‘he interrupt mask register, an A interrupt 
occurs. The interrupt status registers should be read in order to determine 
what condition caused the interrupt. 


07 06 05 04 03 REGISTER ADDRESS 


MOOS om occ 
eae 


Figure 4-13 
interrupt Status Registers 0 and 1. (READ ONLY) 






INT REG O 17775220 


INT REG 1 17775222 





ve 10m 


NOTE: You must read both status registers in order to clear the RTs IRQ 
line. 


The first two bits in the interrupt status register 0, INTO and INT, are set 
only if an interrupt unmasked in the interrupt mask register occurs. They are 
not set if a masked condition occurs. See Interrupt Mask Registers. 


The status bit representing the masked or unmasked condition is always set 
however. 
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Tables 4-9 and 4-10 describe the conditions causing each status bit to become 
set. Tables and describe the interrupt and holdoff, if any. caused when the 
unmasked condition occurs. 


Both interrupt status registers are cleared when they are read. In addition. 
some individual status bits are cleared when the condition they reflect 
changes. These bits are described below. 


Table 4-9 

interrupt Status Register 0 

TE EST AEE —— — — 

an Signal Condition Set On 

7 INTO interrupt O When set this bit indicates that one of more of the 
interrupt bits in interrupt status register 0 has been set and that 
interrupt has been previously enabled (unmasked) m mterrupt 
mask register 0 

6 INT1 Interrupt 1 When set this bit indicates that one or more of the 
wterrupt Bits in interrupt status register 1 has been set and that 
interrupt has been previously enabled (unmasked) in interrupt 
mask register 1 

5 BI Byte in Condition A new data byte 1s now in the data in reqater 
and can be read Reading the data in reqister also Clears tts bit 

4 BO Byte Out Condition The last data byte placed in the data ou! 
register has been accepted by the receiver and a new byte car 
be written to the data out register Writing a new byte to the 
data out reg:ster also clears this bit 

3 END End of Message Condition This bit is set when the EOI line 
becomes true while the ATN is false This combination is used t 
indicate the end of a data string 

2 SPAS Senal Poll Condition This bit 1s set when the senal poll active 


state has been entered This occurs whenever the sera! pol! 
register is written with the rsv1 bit set or when the auxiar, 
command set rsv2 is written (See Auxiliary Command Reqister 
for definitions of rsv1 and rsv2 ) 


RLC Remote/Local Change Condition When set this bit indicates tra! 
a change in the remote/local status of the RTi has occurred The 
bit is set when the RTI changes from either remote to toca! or 
local to remote Note that this bit does not reflect the status of 
the REN line 


MAC My Address Change condition When set this bit indicates that 
the RTI has received an interface command from the bus telling 
to change its Current addressed state The bit ts not set when a 
secondary address is ‘eceived nor 1s it set when dual primar, 
addressing is being used and the other primar, adu. ss 1s 
received (See Address Register ) 


— — — ——— —— — lO ee eel — — — — 


— 


— 
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Table 4-10 


Interrupt Status Register 1 
— — — — — — — — — — —— —— — 


Sit Signal Condition Set On 








7 GET Group Execute Trigger Condition When set this bit incicates that 
a group execute tnqger interface command has been received 
from the controller in charge 


6 ERR Error Condition V’hen set. this bit indicates that an error in the 
handshaking sequence has occured Specifically it means that 
the DAV line ts true and both the NDAC and NAFD lines are 
faise This indicates tht no devices can currently receive data 


5 UNC Unrecogmzed Command Condition When set this bit indicates 
that an uninterpretable command has been received It may be 
that the command is valid but not for the current state of the 
RT! Uninterpretable commands cause this interrupt when the RT! 
iS in LADS (listener addressed state) or in TADS (talker 
addressed state) If secondary commands are being used the, 
will set this bit if the PTS (pass through next secondary) auxilary 
command has been written 


4 APT Address Pass Through When this bit is set it indicates that a 
secondary address has been received and can be read trom the 
command pass through register in order for the RTI to identify a 
secondary address the previously received primary command 
must have been a primary talk or listen address which identitied 
the RTI if the next command is a secondary address that 
identifies the RTI this bit ts set 


3 DCAS Device Clear - Active State When set this bit indicates that the 
RTI has been placed in LADS (listener addressed state) but 
before any data transfer occurred a device clear (DCL) or 
selected device clear (SDC) interface command was received 


2 Mora My Address Condition When a primary talk address or primary 
hsten address interface command which the RTI recognizes as its 
own is on the bus. this bit is set 


1 SRO Service Request This bit 1s set when the SRO line becomes true 
It stays true unti interrupt register 1 1s read and does not 
beceme clear if the SRO goes false before the read operation 
This interrupt 1s provided for situations when the RTI is the 
controller in charge and a device on the bus has requested 
service 


0 IFC Interface Clear This bit 1s set when the IFC line becomes true 
This ts usefu! when the RTI 1s not the system controller as i! 
indicates that the bus has been returned to the idle state If the 
RTI is the system controller the interrupt is not set by IFC 
becoming true 
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Parallel Poll Register 


The parallel poll register (Figure 4-14) is used when the RTI is not the contro!- 

ler-in-charge and the controller-in-charge has requested a parallel poll. In a 
parallel poll, each device uses one of the eight data lines to indicate that it is 
the device that requested service. The convention that indicates which device 
uses what data line is up to the programmer and is not specified by the IEEE 
standard. When a bit is set in this register, the corresponding data line is put 
in the true state when the controller-in-charge requests a parallel! poll. Typi- 
cally, this register is written with only one bit set when the RTI is in need of 
service. The controller-in-charie then reads the eight data lines and identifies 
the RTI by the data line which is true. 


The bits in the parallel poll register correspond directly to the data lines in 
ascending fashion. Bit PP1 is placed on the data line DIOI. bit PP2 is placed on 
data line D102, ete. If a bit in the parallel poll register is 1, the corresponding 
data line is pulled true (low). 


The parallel poll register is double buffered and can be written to while a 
parallel pol! is occurring. This register is not reset by the software reset 
auxiliary command. 


07 06 05 a 03 02 01 AODRESS 


ony AAIRàR05AÆT — 


Figure 4-14 — 
Parallel Poll Register 


Serial Poll Register 


When the RTI is not the controller-in-charge, the seria! poll register (Figure 
4-15) is used to respond to serial polls by the controller-in-charge. This is a 
double-buffered register and may be written to at any time. Bit 6, the RSV1 
bit, puts the SRQ line int» the true state when it is set. Therefore, writing to 
this register with bit 6 set notifies the controller-in-charge to conduct a serial 
poll. The contents of this register are sent back to the controller-in-charge 
when a serial poll is conducted. Therefore, bits 0-5 and bit 7 can be used to 
convey status information. The convention and meanings assigned to these bits 
are defined by the program, not the IEEE standard. Bit 6 will of course be set, 
indicating that the RTI requested service. 
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or ¢& 8 oa @@ @o oO ADDRESS 


4 


Figure 4-15 _—— 
Seria! Poll Register 


The bits in the serial poll register correspond directly to the data lines in 
ascending fashion. Bit S1 is placed on the data line DIO1, bit S2 is placed on 
data line DIO2, ete. If the bit in the serial line register is 1, the corresponding 
data line is pulled true (low). Thus DIO7 corresponds to bit 6 and, when true, 
indicates that the RT! requested service. 


This register is double buffered, and if written to during a seria! poll, no data 
is lost. The byte written to the register is saved and when the serial poll is 
complete, the new data byte is written to the register. 


The rsvl bit is not cleared when a serial poll is taken, but the SRQ line is 
returned to the false state. The serial poll register is not cleared by the 
software reset auxiliary command. 


The rsv2 auxiliary command provides an alternative method of requesting 
service. Writing the set rsv2 command pulls the SRQ line true and sets bit 6 in 
the serial poll register. The controller-in-charge then reads the serial poll 
register when it responds to the serial poll. In this instance, bit 6 is cleared 
after the seriai poll register is read. This provides a method of requesting that 
the controller read the serial poll register and allows you at any time to write 
status information to the register with bit 6 clear. The status information then 
remains in the register and can be read by the controller-in-charge when you 
write the rsv2 auxiliary command. 
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RAMNKAKAARAAAKAARAAARAKAK KRAAKAAARAAKRAKRAKAAAKAAKRAKRAKARKAKRAAKAAKAAKKAKAKKN 
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a 
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MAKANAMMAKKAKAAKAKAKKKKAAKKAKAAKAKAAKAKAAAKKKKAKKAKAAKAAKAKAKAKAAKAKAAKAAKKKK 
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Parallel Logic 


Chapter 5 
Parallel Logic 





THEORY OF OPERATION 
Figure 5-1 summarizes the parallel logic in block diagram form. 


The parallel I/O logic is implemented with an Intel 8255A communications 
chip. There are three 8-bit data ports (port A, port B, and port C) that may be 
configured for either input or output. Three modes of operation are available. 
The first (mode 0) provides basic input and output communications with each 
data port operating independently. The second mode (mode 1) allows hand- 
shaking lines from the third port to be associated with the other two ports; this 
allows strobed input or output through two independent 8-bit data ports. The 
third mode (mode 2) allows bidirectional data flow through port A, with hand- 
shaking lines from port C. 


The data section of the chip communicates with the bus interface over the 
DBUS 0 through DBUS 7 lines and transfers data to the three ports internally. 
The port select section of the chip utilizes the ADD! and ADD? signals to 
activate the desired port. The chip is enabled to receive data from remote 
devices and to transfer it to the host Professional computer by a combination 
of the SDEN and WRT signals. The combination of the DATA STB and WRT 
signals enables the chip to receive data from the host Professional computer 
and transfer it to the remote devices. The chip is reset by the INIT signal and 
selected by the SEL1 signal. 
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ENA DATA 
SEL 1 
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SFL} + a00 | 
— 2 


DATA STB OBUS 7 






10 waAT 


WAT . == DATA ST@ = 
Figure 5-1 — 
Parallel Logic Block Diagram 


The mode latch uses the DBUS 5, DBUS 6, DBUS 1, and DBUS 4 signals to 
generate the MODE 1, Enable Direct (ENA DIR), Enable Port B (ENPB), and 
Enable Port A (ENPA) signals, respeciively. The mode latch is cleared by the 
INIT signal and clocked by a combination of DBUS 7, DATA STB, and IO 
WRT, which generate the IO CON signal. 


The port A buffer is enabled either by the ENPA or by a combination of the 

SNA DIR and PC6 signals. The port B buffer is enabled by the ENPB signal. 
The port C buffer requires a combination of the PCO through PC7 and ENCO 
through ENC7 signals in order to transfer data because the individual bits of 
port C may be used either for data or for handshaking signals, depending on 
which operating mode has been selected. 
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The port C enable ROM is selected by the 1O WRT signal, which is produced by 
a combination of SEL! and WRT: and ADM and ADD2, which generates 6 
SEL. The ROM produces output signals labelled OUT © through OUT 7, and 
transfers them to the port C enable latch, which is cleared by the INIT signal 
and clocked hy 10 CON. 


INPUT/OUTPUT MODES 


The parallel 1/0 logic has three modes of operation, mode ©, mode 1, and mode 
2. These are described in the following paragraphs. 


Mode 0 is for basic input and output without handshaking control through two 
s-bit data perts and two 41-bit data ports. The two S-bit ports are labeled port A 
and port B. Port € is divided into two 4-bit ports which are addressable 
independently and are labeled port C upper and port C lower. Port C apper 
consists of bits 4 through 7 and port C lower consists of bits 0 through 3. Each 
port may be configured for either input or output and operate independently of 
each other. When configured for output, the data ports are latched When 
configured for input, the data ports are not latched. Since there are four 
separate ports and each port can be either input or output, there are sixteen 
separate combinations of input ‘output configurations. 


Mode 1 Characteristics 


Mode 1 allows strobed input or output of data. In mode 1, there are two groups 
of data bits available for input or output. Each group consists of one s-bit data 
port and one 4-bit port used for handshaking lines. Group A consists of the 
eight data bits in port A and the four bits in the upper part of port C (bits 1 
through 7). Group B consists of the eight data bits in port B and the four bits in 
the lower part of port C (bits 0 through 3). In each group, the 8-bit data port is 
used for either input or output or data. The data lines are latched on both input 
and output. The associated four control lines are specifically defined as hand- 
shaking signals for controlling the flow of data either in or out of the data 


port. 
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Mode 2 Characteristics 


Mude 2 allows bidirectional data flow through the eight bits of port A. Hand- 
shaking lines to control the data flow are implemented in port C. Only the 
group A ports can be configured for mude 2 operation. That is, port A and the 
upper four bits of port C can be used for mode 2, but group B bits are not 
available for this mode. This is because one bit from the lower portion of port C 
is used to generate interrupts internally. Port B and bits PCO through PC2 are 
available for mode 1 or mode 0 operation, however, when port A is configured 
for mode 2 operation. 


In mode 2, as in mode }, all data lines are latched for input and output. In 
addition, the same bits in port C are used for handshaking lines in mode 2 as in 
mode }. 


Ports A, B, and C are accessed by reading from or writing to the three port 
registers. A control register is also provided for configuring the parallel ports 
and controlling individual bits in port C. These registers are described below. 


Port Registers 


Figures 5-2 through 5-4 illustrate the three registers used for the three data 
ports. In either mude, ports A and B are addressable by writing or reading to 
the listed address. Port C can always be read by using the listed address. 
Individual bits in port C can be set or cleared without affecting the other bits 
in the port. See Port C Bit Set/Reset Commands. 


FUNCTION Bits ADDRESS 
§ 14 13 12 " 10 09 oR 0? 06 0% 4 03 0? 01 00 
we pore 
Figure 5-2 
Port A Register 
FUNCTION Bits ADORESS 


5 14 13 12 " 10 09 08 0? 06 05 04 03 02 01 


00 


Figure 5-3 J 
Port B Register 
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FUNCTION BTS ADDRESS 
6 14 7 2 " 10 09 on 0? 06 05 04 03 02 0! 00 


- — 
Port C Register 
Control! Register 


Control over the parallel logic is performed by writing commands to the con- 
trol register, which cannot be read. The control register (Figure 5-5) functions 
in two modes, controlled by whether bit 7 is set or cleared. 


FUNCTION BTSs ADDRESS 
15 14 13 12 " 10 09 on 0? 06 05 04 03 0? 01 00 


Figure 5-5 
Contro! Register 


Mode Control! Commands 


When a command is written to the control register with bit 7 set, the command 
is interpreted as a mode control command. The mode control command sets up 
the desired mode (0, 1, or 2) for each port and defines the direction of data flow 
for each port. Ports A and B can be set up in different modes, if desired. 

At power-up INIT all ports are set to input, mode 0. 


The meaning of each bit in a mode control command is shown in Table 5-1. 
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Table S-1 
Control! Register Data— Mode Contro! Commands 
Bit 
Number Vaive Significance 
7 1 Enable Mode Control (The bits are interpreted as shown below )} 
Group A Control 
6-5 65 Port A Mode Selection 
00 Mode 0 
01 Mode 1 
10 Mode 2 
1 Not used 
4 Port A Direction (ignored it mode 2 1s selected) 
1 input 
0 Output 
3 Port C (Bits 7-4) Direction 
1 Input 
0 Output 
Group B Centro 
2 Port B Mode Selection 
0 Mode 0 
1 Mude | 
1 Port B Direction 
1 input 
0 Output 
0 Port C (Bits 3-0) Direction 
1 Input 
0 Output 


Note that the modes for port A and port B can be separately defined, but no 
mode can be specified for port C. When mode 1 is specified for port A or port B, 
the asseciated upper or lower part of port C is automatically configured for 
handshaking lines If port A or port B is configured for mode 0, the associated 
upper or lower part of port C is automatically configured for mode 0 


The control register should be written only once for each data acquisition 
environment. If you want to use more than one port at a time, set up all ports 
the first time vou write to the control register. The control register cannot be 


read 
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Port C Bit Set/Reset Commands 


When a command is written to the control register with bit 7 clear, the 
command is interpreted as a port C set/reset command. An individual bit in 
port ( can be set or reset by this command; the other bits in port © are 
unaffected. Only one bit in port C can be changed at a time The meaning of 
each bit in a port C set/reset command is shown in Table 5-2. 





Table 5-2 
Control Register Port C Bit Set/Reset Commands 
Bit 
Number Value Significance 
7 0 Signifies command is a port C bit set/reset command 
6 0 Not used but must be 0 
5-4 54 Mode definition identifies the current configuration being used 
00 Mode 0 
01 Mode 1 Port A Input 
10 Mode 1 Port A Output 
11 ode 2 
3-1 321 B: Selected 
000 0 
001 1 
010 2 
O11 3 
100 4 
101 5 
110 6 
11 7 
0 Bit Command 
1 Set 
0 Reset 


Port C 1/O in Mode 1 or Mode 2 


When port A and port B are programmed in mode 1, two bits in port © are 
unused for handshaking lines By using the bit set) reset command, these bits 
can be used for data input or output, or for additional customized hand shak- 
ing. When port A is configured for mode 1 input, bits 6 and 7 in port C (PC6 
and PC7) can be used for input or output. When port A is configured for mode | 
output, bits fand 5 in port C ¢(PC4 and PC5) can be used for input or output If 
only one of either port A or port B is being used for mode 1, the port © bits 
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unused for handshaking may be used for 1/0. For example, if port A is being 
used for mode 1 input, and port B is in mode 0 or not used, all of the lower 
portion of port C ts available for 1/0. If port A is programmed for mode 2 and 
port B is not being used, bits PCO through PC2 are available for 10 


Port C can always be read regardless of the current mode confiuration of the 
parallel ports. Reading port C in mode 1 or mode 2 can provide with vou the 
status of all the associated handshaking lines. This allows you to check the 
status of external devices’ handshaking lines and alter program flow in the 
event of a hangup or other unwanted situation. 


Mode © operation provides basic input or output through ports A, BL upper-C, 
or lower-C. No handshaking signals are used. Interrupt driven data transfer is 
not available Each port may be separately configured for input or output 


There are sixteen different combinations of input and output ports in mode © 
These combinations are selected by the combinations of bits 0, 1,3, and tin 
commands written to the control register, Bits 2, 5, and 6 select mode 0 for 
ports A and B when clear Bit © is associated with port © (lower) Bit 1 is 
associated with port B. Bit 3 is associated with port C (upper) Bit bis associ 
ated with port A. A 1 in the specified bit selects input and a 0 in the specified 
bit selects output. For example, to set port A and port C (upper) te input, and 
port B and port G (lower) te output, write a command byte to the control 
register which has bits 3 and 4 set to 1, and bits O and 1 set to (Bits 2.5, and 6 
are all clear for mode 0) 


Mode 1 operation provides stobed input or output of data Pliandshaking lines 
are used in port © as described below Interrupt driven data transfers are 
possible, the interrupt can be enabled or disabled 


Mode 1 Input Handshaking Signals 


In mode 1, there are two handshaking signals for controlling input from an 
external device to the RTL These are the strobe (STB) and input buffer full 
(IBF) signals. Both signals are implemented in port C and are associated with 
the data lines of either port A or port B as described below 
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Strobe is sent from the external device to the RTI to indicate that the externas 
device has just placed valid data on the data lines. When this signal goes low 
for at least S00 nanoseconds, then goes high, the data present on the eight data 
lines is latched. For port A in mode 1 input, bit Fin port © CPC is used for the 
strobe signal. For port Bin mode 1 input, bit 2 in port © CPC 211s used for the 
strobe signal. 


The input buffer fal! signal serves as an acknowledgment signal from the RTI 
to the external device. The IBF signal uses the high state as a true condition 
IBF yoes high when the RTI detects a strobed input pulse IBF yoes low again 
when the data has been read from the port register. For port A in mode | 
input, bit 5 in port C ¢PC5) is used for the IBF signal For port Bin mode 1 
input, bit Pin port C CPCI) is used for the IBF signal 


A timing diagram showing the relationship between data flow and the strobe 
and input buffer full signals is shown in Figure 5-6. 


STB (FROM EXT DEV } 


500 ns MINIMUM 


IBF (FROM PC3XX) 





Figure 5-6 — 
Handshaking Timing Diagram input 


Mode 1 Input Interrupts 


In mode 1, the parallel port can generate interrupts to the CPU, using the IRQ 
B interrupt line. The interrupt can be enabled or disabled by writing a port © 
bit set reset command. 


The input interrupt signal, when enabled, sets an interrupt flay in the inter 
rupt B register when the strobe signal is currently false (high? and the input 
buffer full signal is currently true (high). This combination indicates that the 
external device has data available to be read by the RTL The interrupt signal t- 
reset when the associated port register is read. 


The interrupt signal can be enabled or disabled for port A and port B individu 
ally. To enable the input interrupt for port A, write a port C bit: set) reset 
command to the control register which sets bit PC4 See Table 5-2 
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To enable the input interrupt for port B, write a port C bit set) reset command 
to the control register which sets bit PC2. See Table 5-2. 


The input interrupt uses bit PC3 (for pert A) and bit PCO (for port Bo inter- 
nally. Therefore these bits are not available for input/output purposes when 
interrupts are enabled in mode 1. If interrupts are enabled in mode 1, the 
must he disabled before entering mode 0 operation. 


NOTE: Repeated reading of the port register by the Professional 
computer's CPU without intervening STB pulses causes the IBF signal to 
toggle high The INTR signal is not affected 


Mode 1 Output Handshaking Signals 


In mode 1, there are two handshaking signals for controlling output from the 
RTI to the external device. These are the output buffer full COBPs signal and 
the acknowledge (ACK) signal. Both signals are implemented in port C and are 
associated with the data lines of either port A or port B as described below 


Output buffer full signal is sent from the RTI to the external device and is used 
to indicate that the RTI is ready to send data. It can be thought of as a strobe 
signal to the external device. When data is written to the output port register, 
the OBF signal is asserted low. The OBF signal is reset high when the external 
device sends an acknowledge signal (see next paragraph). Sor port A in mode | 
output, bit 7 in port C (PC7) is used for the OBF signal. For port B in mode | 
output, bit 1 in port C (PC1) is used for the OBF signal. 


The acknowledgment signal, used to indicate that the device has received the 
data from the RTI, is sent to the RTI by the external device. To function 
properly, the external device must assert this signal low for a minimum of 300 
nanoseconds. For port A in mode 1} output, bit 6 in port C (PC6) is used for the 
ACK signal. For port B in mode 1 input, bit 2 in port C (PC2) is used for the 
ACK signal. 


A timing diagram showing the relationship between data flow and the output 
buffer full and acknowledge signals is shown in Figure 5-7. 


NOTE: Reading an output port (by the Professional computer's CPU) in 
mode 1 will reset the OBF signal if it is low Output data is not affected 
however 
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300 ny MINIMUM 


Figure S-7 VR 1004) 
Handshaking Timing Diagram Output 


Mode 1 Output Interrupts 


In mode 1, the parallel port can generate interrupts to the CPU, using the IRQ 
B interrupt line. The interrupt can be enabled or disabled by writing a port C 
bit set. reset command. 


The output interrupt signal, when enabled, sets an interrupt flag in the inter- 
rupt B register when both the acknowledge (ACK) signal and the output buffer 
full signal are currently false thigh). This combination indicates that the 
eternal device has received the last data sent and is ready for the next data 
byte. The interrupt signal is reset when data is written to the associated port 
register. 


The interrupt sinal can be enabled or disabled for port A and port B individu- 
ally. To enable the output interrupt for port A, write a port C bit set. reset 
command to the control register which sets bit PC6. See Table 5-2 


To enable the output interrupt for port BR, write a port C bit set ‘reset command 
to the control register which sets bit PC2. See Table 5-2. 


The output interrupt uses bit PCS (for port A) and bit PCO (for port Bi 
internally. Therefore these bits are not available for input/output purposes 


when interrupts are enabled in mode 1. 


The finat interrupt must be handled after the last valid data is written to an 
output port or read from an input port. 


If interrupts are enabled in Mode 1, they must be disabled before entering 
Mode 0 operation. 
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Mode 2 operation provides the capability of bidirectional strobed input output 
This allows the RTI both te transmit data to and te receive data from remote 
devices over an 8-bit bus. 


Mode 2 operation is available only for the group A port. The bits used in mode 2 
operation are the eight bits of port A, used for bidirectional data transfer, the 
four bits of upper port C, used for handshaking signals, and bit PC3, used 
internally for interrupt generation. 


Mode 2 Input/Output Handshaking Signals 


Mode 2 uses the same handshaking signals for input and output as port A in 
mode 1 does. There are two handshaking signals for controlling input from an 
external device to the RTI. These are the strobe (STB) and input buffer full 
(IBF) signals. Both signals are implemented in port C. 


Strobe is sent from the external device to the RTI to indicate that it has just 
placed valid data on the data lines. When this signal goes low for at least 500 
nanoseconds, then goes high, the data present on the eight data lines ts 
latched. For mode 2 input, bit 4 in port C (PC4) is used for the strobe signal. 


The input buffer full sign u serves as an acknowledgment signal from the RTI 
to the external device. Th. IBF signal uses the high state as a true condition. 
IBF goes high when the RTI detects a strobed input pulse. IBF goes low again 
when the data has been read from the port register. For mode 2 input, bit 5 in 
port C (PC5) is used for the IBF signal. 


A timing diagram showing the relationship between data flow and the strobe 
and input buffer full signals is shown in Figure 5-6. 


In mode 2, there are two handshaking signals for controlling output from the 
RTI to the external device. These are the output buffer full (OBF) signal and 
the acknowledge (ACK) signal. Both signals are implemented in port C 


Output buffer full is sent from the RTI to the external device and is used to 
indicate that the RTI is ready to send data. It can be thought of as a strobe 
signal to the external device. When data is written to the output port register, 
the OBF signal is asserted low. The OBF signal is reset high when the external! 
device sends an acknowledge signal (see next paragraph). For mode 2 output, 
bit 7 in port C (PC7) is used for the OBF signal. 
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The acknowledgment signal, used to indicate that the device has received the 
data from the RTI, is sent to the RTI by the external device. To function 
properly, the external device must assert this signal low for a minimum of 200 
nanoseconds. For mode 2 output, bit 6 in port C (PC6) is used for the ACK 
signal. 


A timing diagram showing the relationship between data flow and the output 
buffer full and acknowledge signals is shown in Figure 5-7. 


Mode 2 interrupts 


Mode 2 interrupts operate in a manner similar to mode 1 interrupts for porn A. 
The interrupts can be enabled or disabled by writing a port C bit set/reset 
command. 


The input interrupt signal, when enabled, sets an interrupt flag in the inter- 
rupt B register when the strobe signal is curreatly false (high) and the input 
buffer full signal is currently true (high). This combination indicates that the 
external device has data available to be read by the RTI. The interrupt signal is 
reset when the associated port register is read. 


The interrupt signal can be enabled or disabled. To enable the input interrupt 
for mode 2, write a port C bit set/reset command to the control register which 
seis bit PC4. To disable the input interrupt, use the bit set/reset command to 
clear PC4. See Table 5-2. 


An output interrupt is also provided. The interrupt can be enabled or disabled 
by writing a port C bit/set reset command. 


The output interrupt signal, when enabled, sets an interrupt flag in the inter- 
rupt B register when both the acknowledge (ACK) signal and the output buffer 
are currently false (high). This combination indicates that the external device 
has received the last data sent and is ready for the next data byte. The 
interrupt signal is reset when data is written to the associated port register. 


The interrupt signal can be enabled or disabled. To enable the output interrupt 
for mode 2, write a port C bit set/reset command to the control register which 
sets bit PC6. To clear the output interrupt, write a bit set/reset command 
which clears PC6. See Table 5-2. 
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The final interrupt must be handled by your program after the last valid data 
is written to an output port or read from an input port. 


The mode 2 interrupts use bit PC3 internally. Therefore this bit, although it is 
part of group B, is not available for input/output purposes when interrupts are 
enabled in mode 2. 


If interrupts are enabled in mode 2, they must be disabled before entering 
mode 0 operation. 


The four ports (A, B, upper C, lower C) can used simultaneously in different 
modes. That is, port A can be used for mode 1 input while port B is used for 
mode 0 output. Port B can be used for mode 1 input or output regardless of the 
configuration of port A. If ports A and B are used in mode 0, port C can be used 
in mode 0. 


External devices generating handshaking signals may or may not use the same 
terminology as that described above. For example, the acknowledge signal may 
he called Ready for Data, or some other term. However, if the signal serves the 
purpose described above and conforms to TTL standard levels, it can be used 
for the handshaking signal. 


To connect the external device's handshaking signal, connect a wire from the 
signal's terminal to the appropriate bit in port C. See Table 5-5 for the bits 
used. Also connect the terminal's ground to a port C ground pin. (See Figure 
1-2.) 





Table 5-3 
Location of Handshaking Signals in Port C—Modes 1 and 2 
Dwection of 
Transter Signal Port A Port B 
input STB PC4 PC2 
IBF PC5 PC! 
Output OBF PC7 PC! 
ACK PC6 PC2 
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Chapter 6 
Self-Test OM Logic and Diagnostics 





Figure 6-1, Self-Test ROM Logic Block Diagram, summarizes the operation of 
the self-test ROM logic and diagnostics. 


The self-test ROM logic consists of a 12-bit counter, a 4K « * Erasable 
Programmable ROM (EPROM), and enabling logic. The counter is reset to zero 
by the power-up INIT signal. The combination of the ADD1, WRT. SEL#. and 
ADD2 signals generates the LD ROM ADD signal, which loads the counter 
with address 0. The combination of the ADD1 and WRT signals, or the SELO 
and ADD2 signals, generates the READ ROM signal. READ ROM, together 
with Slave Drive Enable (SDEN) generates the ENABLE ROM signal, which 
enables the ROM and clocks the counter. Each time the ENABLE ROM signal 
occurs, the ROM transfers a byte of data to the Professional computer's CPU, 
and the counter increments to point to the next byte in the ROM. The program 
contained in the ROM is thus loaded into the Professional computer's (PU and 
run to check out the three logic interface types on the Real-Time Interface 
Module. The PC3XX-AA Real Time Interfece Owner's Manual continues an 
explanation of the possible error codes in the event the self-test ROM detects a 
problem. 
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counter 12 E43 


ADDRESS 
ul 





SDEN 
ENA ROM 
> READ ROM 
SELO 


Figure 6-1 
Self-Test ROM Logic Block Diagram 


NOTE: After the power-up self-tests have run, the outputs of the interfaces 
are in the conditions listed bel..w. The voltages are approximate and are 
valid only if no external device is connected. 


O Serial Interface—Unasserted, High level: +5 volts minimum 
Low level. 5 volts maximum 


O IEEE Interface—Unasserted, Output High: 2.5 volts minimum 
Output Low: 0.5 voits maximum 


© Parallel Interface—Unasserted, three-state condition (high impedance) 


— — —— — — 
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PROGRAMMING INFORMATION 


The ROM logic contains a data register and an address register. Both registers 
are cleared at power-up and at bus INIT. See Figures 6-2 and 6-3 for the 
information contained in each register. 


FUNCTION BITS ADDRESS 
ih] 14 13 12 11 10 oa 08 07 06 05 04 03 0? o' 00 


Figure 6-2 
ROM Data Register 
FUNCTION ers ADDRESS 
5 14 13 ‘2 " 10 09 or 0? 06 05 06 03 02 9! 00 


wn ' mw?) 


Figure 6-3 
ROM Address Register 


ROM Data Registe7 


The low byte of the ROM data register is a data window into the ROM. Each 
time the ROM data register is accessed, the next location of the ROM data is 
made available. 


ROM Address Register 


The ROM address register is used to select address 0 of the onboard ROM. This 
register is cleared when any number is written into it. The CPU Bus INIT also 
clears this register. 


LOOPBACK CONNECTOR 


A loopback ec nnector (part number 12-21246-01) is available as an option. It 
operates in the service mode as described in the PC300 Series Pocket Service 
Guide (Order |'umber EK-PC350-PS-001). The PC3XX-AA Real-Time Inter- 
Jace Module Owner's Manual contains information on ordering the loopback 
connector and Pocket Service Guide. The loopback connector is designed to be 
used with the diagnostic diskette and provides more extensive testing of the 
Real-Time Interface Module by looping SLU 1 of the serial logic back to SLU 2, 
and Port A of the parallel logic back to Port B. The loopback connector does not 
provide loopback testing for the IEEE-488 port. 
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DIAGNOSTIC DISKETTE 


In order to perform diagnostic testing on the Real-Time Interface Module, the 
P/OS Installation and Maintenance diskette must first be updated to include 
the RTI diagnostics. The updating procedure is as follows. 


Diskettes Required 


1. 
2. 
3. 


P/OS System Diskette V1.7 or later 
Installation and Maintenance Diskette 
Maintenance Test Diskette 


Real-Time Interface Module Diagnostic Diskette 


NOTE: Instead of a separate Maintenance Test Diskette, you may have a 
Professional Installation and Maintenance Diskette Number 1 and Diskette 
Number 2. In this case, the updating procedure is exactiy the same. Simply 
substitute Number 2 wherever the Test diskette is called for in the following 
procedure. 


Updating Procedure 


2. 


Put the P/OS system diskette into drive 1 and turn the power on. 
The system runs the power-up self-test, and if successful, will 
display the Digital logo in reverse video and load the operating: 
system into memory. 


A prompt appears to load an application program. Remove the 
system diskette, replace it with the installation and maintenance 
diskette, and press RESUME. The maintenance services program is 
loaded and you are prompted to place the test diskette in drive 2. 


The maintenance services menu is displayed. Select update services 
and press DO. Press DO again to continue. 


Remove the test diskette from drive 2 and replace it with the 
diskette containing the new program. Place the RTI diagnostic 
diskette in drive 2 and press RESUME. The RTI diagnostic is copied 
onto the installation and maintenance diskette. “UPDATE 
MAINTENANCE SERVICES "is displayed on the screen. 
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5. Remove the R11 diagnostic diskette from drive 2 and file it in a safe 
place. Place the test diskette back in drive 2 and press RESUME. The 
RTI diagnostic is copied from the installation and maintenance 
diskette onto the test diskette. When this is successfully completed, 
the following screen display appears: 


“SUCCESS” 
“The installation of the diagnostics is now complete.” 


The procedure for running the Real-Time Interface Module diagnostics is 
found in the PC3XX-AA Real-Time Interface Owner's Manual (EK-PC3AA- 
OM). 
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The Analog Data Module 





The Analog Data Module (ADM), shown in Figure 7-1, allows real-time collee- 
tion of analog data. The data is sampled and converted to representative 
digital values which can then be stored and processed easily. 





7-1 


Figure 
The Analog Dats Module 


The ADM is designed to be run in conjunction with a Professional 300 series 
computer and a PC3XX-AA Real-Time Interface Module. The Real-Time Inter- 
face Module is installed in the card cage of the Professional computer and 
connects to the ADM through a 62-pin cable supplied with the ADM. 
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Many laboratory devices produce data in analog form. A continuously varying 
voltage represents the data to he collected. In general, these laboratory devices 
also make use of a triggering signal or status signal to convey additional 
information about the data or the data transfer. 


The following paragraphs highlight the features of the AIM. 


HIGH RESOLUTION ANALOG INPUTS 


The ADM features eight channels of true differential analog input. The AIM 
converts analog signals into 16-bit ¢i-.;ial values, offering a resolution of one 
part in 65,536 (96 dB). Input values an range between -5 volts and +5 volts. 
Protection circuitry prevents damage to the unit for input signals up to 214 
volts. 


The ADM hardware is capable of a peak analog sampling rate of 5000 samples 
per second. A continuous sampling rate will be less than this, and depends 
upon the specifics of your application and the amount of software processing 
you do. 


TRUE DIFFERENTIAL INPUT AND AUTO-ZEROING CIACUIT 


The ADM features true differential input which provides a high common-mode 
rejection ratie and reduces the problem of noise-induced error. 


Most data producing devices have two terminals: one positive terminal which 
produces the data representative voltage, and one minus or return terminal for 
completing this circuit. Some A/D converters take as input only the positive 
terminal signal and measure its potential difference to ground as data. The 
ADM's differential preamplifier takes both sides of the data device's signal as 
input and measures the difference between their respective voltages as data. 


The ADM also features an auto-zeroing circuit which subtracts all input offset 
voltages attributable to the preamplifier. 


THE ANALOG DATA MODULE | CHAPTER 7 


The ADM alse features a programmable gain preamplifier which extends 
dynami: range to 132 dB, and allows low-level analog signals to he cons erted 
with greater resolution. The preamplifier may he software loaded with a 
desired gain, or it may be programmed to determine the appropriate gain 
automatically on a real-time basis. Gains of 1, 4, 16 and 64 are provided 


A programmable real-time clock allows the collection of data samples te occur 
at a software-selected frequency. The clock may he set to operate at any 
frequency between 6 and 5 kHz for analog data and hetween @ and 128 kHz for 
digital data. The slowest selectable clock period is 16.4 seconds. Once set, a data 
point is sampied and converted at every tick of the clock. 


The ADM employs a track-and-hold circuit for analog conversions. The circuit 
continually tracks or follows the output of the ADM preamplifier When a 
command to convert a sample is received, the voltage level is held constant 
while the A/D converter circuit generates the digital value 


The track-and-hold circuitry helps increase the speed of the AIM. The hold 
circuitry helps prevent the converter from misinterpreting a rapidly changing 
signal. A signal which varies more than 153 microvolts during the conversion 
time would be misinterpreted if there were no hold circuit. The measurement 
of the least significant bits would vary from what the actual value was at the 
time the signal was acquired. (The least significant bits of the digital value are 
determined last.) 


Several types of analog data collections are available. The ADM allows collec- 
tion of one data sample, multiple data samples on one channel, or multiple data 
samples on multiple channels (called sweeps). In addition, you can select how 
data collections begin; either a software trigger, where collection begins as 
soon as a command byte executes; or a hardware trigger, where collection 
hegins when the ADM detects a negative voltage transition on the diyital input 
strip. (See Digital Input and Output, below.) Collection of multiple samples can 
he controlled by the ADM'’s real-time programmable clock or by subsequent 
hardware triggers. 
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DIGITAL INPUT AND OUTPUT 


The ADM contains one &-bit digital input barrier strip and one &-bit digital 
output strip. These general purpose ports can be used for a variety of tasks 
including hardware triggering of data acquisition, collecting status informa- 
tion from devices, collecting 8-bit digital data, and writing commands to exter- 
nal devices. 


The digital input barrier strip features Schmitt triggers for more versatile 
applications. Schmitt triggers respond to voltage levels rather than transi- 
tions, and can therefore detect as a transition a signal which changes slowly. A 
logical 0 is set on a digital bit when a signal drops below 0.8 volts. A logical 1 is 
set when a voltage rises above 1.6 volts. This allows the digital input strip to 
respond to Transistor-Transister Logic (TTL) level signals and nonstandard 
sign ‘sls. 


Fach digital input bit is associated with an analog channel for hardware 
triggeering. (See Triggering Modes, above.) When a transition from logical level 
1 to logical level 0 (voltage drops below 8 volts) is detected on a digital input 
bit, data collection begins on the associated analog channel. This is true only 
for hardware triggered data acquisitions. 


The digital output barrier strip uses Transistor-Transistor Logic (TTL) for 
output. This standard defines a logical 0 (TTL Low) as a voltage of less than 05 
volts and a logical 1 (TTL High) as a voltage of greater than 2.4 volts. Devices 
which have input ports that conform to TTL can be connected directly to the 
ADM's digital output barrier strip. 


The digital output barrier strip also features three-state output so that « 
customized bus can be designed. Three-state output is a high impedance state 
which is neither TTL Low nor TTL High. 


Connectors on the ADM’s panel allow the IEEE-488 bus and serial line unit 
ports of the Real-Time Interface Module to be accessed. The AIM passes these 
connections directly to the Real-Time Interface Module and performs no 
processing on them. This allows simultaneous use of the ADM with IEEE bus 
and serial data transmission. For information on the use of these ports and the 
types of cables available for device connections, refer to the PC3XX-AA Real- 
Time Interface Module Owner's Manual (EK-PC3A A-OM-002). 
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The ADM panel is used for making all connections to the ADM. Figure 7-2 
shows the ADM panel and identifies each feature. 
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This LED, when lit, indicates that a reset condition exists. Data collection is 
halted while this light is on. 


Sweep LED 

This LED, when lit, indicates that the ADM is currently collecting data in 
sweep mode. (See Chapter 3 for definitions of data acquisition modes.) 
Analog Channel LEDs 

These LEDs, when lit, indicate that the ADM is currently sampling data on the 


indicated channel. 


Analog input Connectors 


The analog input connectors are used for colleccing analog data. Cables and 
connectors are provided for making connection o these connectors. (See Chap- 
ter 4 for details on constructing the cables.) 
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Digital Input Barner Strip 


The digital input barrier strip allows easy connection to the digital input port 
The strip consists of ten pushtab connectors: one pushtab for each bit in the 
digital input pert and two pushtabs for ground references. Connections are 
made by pushing in the pushtab and inserting the conductor Releasing the 
pushtab holds the conductor in place. Be sure to strip back any insulation on 
your conductor before inserting it into the pushtab. 


Digital Output Barrier Strip 


T) + digital output barrier strip allows easy connection to the digital output 

© The strip consists of ten pushtab connectors: one pushtab for each bit in 
che digital output port and two pushtabs for ground references. Connections 
are made by pushing in the pushtab and inserting the conductor. Releasing the 
pushtab holds the conductor in place. Be sure to strip back any insulation on 
your conductor before inserting it into the pushtab. 


The ADM’s fuse is a 250 volt 2 ampere slow-blow fuse for 120 volt ens iron- 
ments and a T2.0 ampere fuse for 240 volt environments. (The ADMPC. (2 is 
designed for a 120 volt environment; the ADMPC- AS is designed for a 200 volt 
environment.) If the fuse needs to be replaced, do not replace it with a fuse 
different from the original. 


The Af In receptacle is used to provide power to the AIM 


On/On 
On the On Off switch, 1 indicates ON, 0 indicates OFF 


This connector provides access to the IEEE-488 bus on the Real-Time Interface 
Module. The AIM does not process the IEEE signals on this port but passes 
them directly to the Real-Time Interface Module. This connector does not allow 
the ADM to be specified as a device on an IEEE bus. 
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62-Pin Combination Cable Connector 


One end of the combination cable (part number: 17-00086-02) attaches to this 


connector, the other end attaches to the internal cable of the Real-Time Inter- 
face Module 


Senal Line Units 1 and 2 Connectors 


The serial line unit connectors, like the [EEE bus connector, are passed 
directly to the serial line unit ports on the Real-Time in -rface Module) The 
ADM dees not process these signals in any way. 


+5 Volt Jack 


This jack provides +5 volts of power at 0.25 amperes and is for Digital Preld 
Service use only. The jack is fuse protected, but the fuse is not user replaceable 
Users making connection to this jack do so at their own risk. 


The reset switch is a momentary contact toggle switch When depressed, it 
provides the same function as a power-off, power-on evele for the ADM 


When the reset switch is depressed, all input and output processing ceases, the 
clovk steps, and any data in the hardware data buffer is cleared) The digital 
output strip is set to tri-state mode. After a reset, the ADM should be re- 
initialized using the AINTIT subroutine of the PRTIL software 


WARNING: Use of the RESET ~witeh during an applieation i. 
unpredictable If an applieation becomes hung and KESET is used te clear 
the ADM. the application should be restarted to ensure data collection 
prin weds properts 
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ANALOG DATA MODULE OWNER'S MANUAL 


The Analog Data Module Quner’s Manual supplied with the ADM provides 
additional information about the AIM. However, Chapter 3 of the Analog 
Data Module describes triggering modes and data acquisition features which 
require the use of the Professional Real-Time Interface Library or PRO: Tool 
Kit Real-Time Interface Library thoth abbreviated as PRTIL). Information 
provided in Chapter 3 of the Analog Data Module Quner’s Manual may or may 
not be true when programming the ADM in assembly language Some of the 
triggering modes described in the Analog Data Module Quener’s Maxual are 
provided by the PRTIL software, not the hardware. You should, therefore, rely 
on this manual for information pertaining to triggering modes when program- 
ming the ADM in assembly language. 


The information in the other chapters of the Analog Data Module Quener’s 
Manual, including the information on the AMM’'s front panel, constructing 
analog cables, and using the digital input/outpit barrier strip, is all valid 
when programming the ADM in assembly language. 


The ADM is connected to the RTUs internal cable using the 62-pin cable 
supplied with the ADM. This cable carries all of the RTEs input output sig- 
nals. On the ADM, however, the IREE-%* bus connector and the two SLU 
connectors are pass-through connectors only The ADM does not process sig- 
nals on these interfaces in any way. The ADM is controlled through the RTs 
parallel 1/0 port. When vou use the ADM with the RTI, the parallel port is net 
available for independent programming. 


The Analog Data Module Qrener’s Manual provides full instructions for con- 


structing analog signa! cables and making connection to the analog channels 
and digital input/output barrier strips. 
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Chapter 8 
Theory of Operation 


The ADM is primarily designed to collect analog data’ however, digital data 
can be collected as well. This is discussed in Chapter 10. The following discus- 
sion describes how the ADM converts a single analog sample. Figure 8-1 pro- 
vides a block diagram overview of the ADM. 





When an external voltage is connected to one of the ADM’s analog input 
channels on the front panel, the voltage can be converted to a 16-bit digital 
value representing that voltage. The conversion can be initiated either by the 
ADM’s internal clock, an external triggering wire connected to the digital 
input barrier strip, or immediately upon the reception of a command from the 
Professional computer to convert a voltage. 


The ADM's analog channel connectors are differential input connectors. A 
differential input connector takes both sides of a data signal (plus and minus) 
as input and subtracts the minus from the plus signal. The resultant signal is 
used as the data voltage. This method provides some noise reduction since it 
eliminates common-mode voltages present on both signals. 
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All the internal sequencing of the ADM is controlled by a state machine that 
receives commands through pert B of the RTI. The state machine sets up the 
VIM to collect analog data, according to the commands received. When data 
acquisition and conversion starts, the state machine controls all the sequene- 
ing of events from the multiplexer channel s vitching to the loading of the 
first-in first-out (FIFO) data buffer. 


When the command to acquire data is received (in some modes, the set-up 
procedure described below does not occur until the trigger event happeas, in 
other modes, the set-up occurs as soon as the AD}! receives the configuration 
command), the ADM's input multiplexer feeds the voltage from the channel to 
he sampled into the conversion circuitry. Only one channel can he sampled at « 
time After the multiplexer has routed the sample voltage to the conversion 
circuitry, the state machine turns on the autoranging circuitry. 


The autoranging circuitry quickly samples the analog voltage with a low reso- 
lution flash A/D converter. This allows the circuitry to detc rmine the relative 
magnitude of the signal and select a gain for the preamplifier «hich will make 
optimal use of the ADM's resolution. This gain is then fed into the pream- 
plifier, and the voltage is amplified according to this gain. 


The autoranging circuitry can be disabled by your application. In this instance, 
your program leads the preamplifier with one of the four possible gains. Gains 
of 1 (unity), 4, 16, or 64 are possible. 


The ADM's track-and-hold circuitry acquires and holds the amplified output of 
the preamplifier. This circuit continually “follows”any fluctuations in the 
preamplifier’s output, regardless of whether the ADM is currently converting 
a signal or not. 


After the track-and-hold eireuit has acquired the signal, the front-end nodes of 
the analog multiplexer channel are switched internally to a ground reference. 
this ground reference is then fed through the preamplifier using the same gain 
as for the data voltage. To eliminate any offset in the data signal attributable 
to the preamplifier, this reference is subtracted from the voltage in the hold 
cireuit. This process is called auto-zeroing. After a short time delay during 
which the preamplifier is allowed to settle, the resultant signal is converted. 


The state machine now feeds the held voltage into the A/D (analog-to-digital! 
conversion circuitry. The hold circuit freezes the voltage so that the AD 
converter (where the signal is fed after the preamplifier) will see a constant 
voltage throughout the conversion process. 
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The amplified signal is held constant while the A/D converter determines a 
digitized data value. The A/D converter used in the AIM is a 16-bit successive 
approximation converter, providing very high resolution. At high gain 64), 
this converter can detect a voltage increment of as little as 2.4 microvolts. The 
Analogy Data Module Owner's Manual contains a detailed discussion of 
resolution. 


The ADM uses the successive approximation technique for converting a voltage 
input to a digital value. This method of conversion uses a series of approxima- 
tions, each with twice the resolution of the previous approximation. Marting 
with the most significant bit, each approximation sets or clears une bit in the 
digital value. The approximation occurs 16 times, once for each bit in the 
successive approximation register (SAR). The following algorithm illustrates 
the successive approximation method. 


1. Set the most significant remaining bit of the SAR to 1; with this 
output, generate a comparison level in a precision digital-to-analog 
converter (DAC). 


7 


Compare this level with the held equivalent of the sampled signal. 


3. If the comparison level is less than the held sample, leave this bit 
set. 


1. If the comparison voltage is greater than the held sample, set the 
present bit to 0. 


Prepare to operate on the next significant bit. 
6. Go to step 1. When all 16 bits have been compared, the resultant 
value represents the analog voltage. 
This algorithm is illustrated in Figure 8-2. 


When a digitized value is complete, the state machine loads the 16-bit value 
into the &-bit FIFO buffer, with the high data byte being entered first. The 
state machine also reads the status register (which constantly records the 
channel used, gain used, and error conditions) and loads the contents of the 
status register into the FIFO buffer after the two data bytes. 


Handshaking signals from port A of the RTI are automatically handled by the 
FIFO/output buffer circuitry, and data values are thus transferred to the host. 
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The above description describes the sequence of one conversion. When niultiple 
sumples are being taken on a single channel, the state machine waits for either 
the next “tick’of the ADM's programmable real-time clock, or the recognition 
of an external triggering line on the digital input barrier strip tdepending on 
how the A'M has been configured). When the proper type of triggering event 
has occurred, the state machine begins the conversion process all over again 
The number of samples to be acquired is not specified, so the ADM continues to 
acquire samples in the programmed mode until it is reprogrammed, or the 
RESET switch is depressed, or the inhibit bit is written as part of command 
byte 2. The inhibit bit stops all current operation of the ADM, but does not 
reprogram it or clear data in the FIFO buffer. (Refer to Chapter 11 for infor- 


mation on the inhibit bit and command bytes.) 
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The ADM can also be progrummed to acquire multiple samples from multiple 
channels; these are called sweeps. In this event, the state machine always 
starts the first conversion on channel 0 when the specified triggering event 
vecurs (either clock or external trigger). When that conversion is done, the 
state machine immediately switches the multiplexer circuitry to the next chan- 
nel (channel 1) and immediately begins the conversion process for that voltage. 
In this way, the ADM proceeds from one channel to the next in the fastest 
possible manner. In most applications involving sweeps, it is actually desirable 
io measure all connected voltages simultaneously. Since this is not pussibie, 
the channels are sampled as quickly as possible, one after the other. The last 
sampled channel in a sweep will be the farthest away (in time) from the 
sample on channel 0, but this time discrepancy is minimized by the ADM. 
Although sweeps always begin on channel 0, you can select the number of 
channels in the sweep. 
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Chapter 9 
Collecting Analog Data 


Analog data is collected by connecting the external devices to the analog input 
channels on the front panel of the ADM. Cables for making these connections 
are provided with the ADM and instructions for using the cables are provided 
in the Analogy Data Module Owner's Manual (EK-ADMPC-OM). The analog 
channels accept any voltage within the range -5 volts to +5 volts. Voltages 
exceeding these limits may damage the ADM. 





The ADM is programmed to collect data by writing four command bytes to the 
command byte registers within the ADM. The four command bytes select the 
features described in this chapter. For complete information on the command 
bytes, refer to Chapter 11. 


Before writing your application to collect analog data, it is necessary to con- 
sider the following aspects of your application: 


How data acquisition is triggered (started) 
Sampling speed 
Signal level 


Ooo dQ 


Number of samples to be collected 
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The specifies of your application will determine which of the ADM's selectable 
features you should use. The ADM provides flexibility in the method of analog 
conversions that you can use. These selectable features include: 

C) The ability to take one or multiple samples on a single channel 


(i The ability to sample all channels sequentially as quickly as possible 
in order to sweep several inputs 


Six triggering modes for analog data 


() An internal clock for timing sampling 


— 
—⸗ 


A preamplifier for low-level signals -- four gain settings are available 


[ 


— 
— ⸗ 


Gain may he set by your program or determined automatically by 
the ADM 


— A first-in first-out data buffer for more efficient data collection. 


The ADM can be configured for a variety of data aco sition modes. The 
simplest of these is the acquisition of a single sample on a single channel The 
ADM can also be configured to collect one sample per channel from all eight 
channels (or less) in sequential order. In other words, the ADM can be con- 
figured to collect data by taking one sample on channel 0, then channel 1, then 
channel 2, etc., up to a maximum channel number you specify, this is called a 
sweep. A single sweep is defined as the acqu‘sition of one sample from each 
channel. A sweep can have between two channels and eight channels 


There are therefore three types of channel and sample selection 


(J Single sample on a single channel 
[) Multiple samples on a singie channel 


C} Multiple samples from multiple channels— sweep (one sample per 
channel in each sweep). 
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Triggering is the method by which a sample is initiated. It refers to the 
acquisition of the first sample as well as subsequent samples. The AIM pro- 
vides three ty pes of triggers: 


Command Write Acauistion starts as soon as the software command byte 
Triguering is received. This could also be called immediate 

ever ution. 
Evternal Acquisition starts when a negative transition is 
Triggering detected on the digital input barrier strip) Each channel 


is asseciated with the corresponding digital input bit 
ichannel 0 with digital input bit 0) This allows you to 
wire an external handshaking line or manual <witeh to 
the AIM for use in starting data acquisition 


Clock Acquisition of subsequent samples can be triggered by 

Triggering the “tick” of the ADM’s internal clock The frequency of 
the clock is selectable between 0.06 Hz ta period of 16.52 
seconds) and 5 kiiz. 


The three ty pes of triggering are combined with the three t. pes of channel and 
sample selection to provide for a variety of acquisition choices, called trigger- 
ing modes. The AIM provides six triggering modes for collecting analog sam. 
ples (There are two additional triggering modes for collecting digital data. see 
Chapter 10.) The variety of triggering modes allows you te choose the method 
by which sampling begins and the method by which subsequent samples are 
taken. 


The ADM's six analog triggering modes are: 


Mode 0 aA single sample is taken on a single channel as soon as the 
eonfiguration command is received. 


Mode 1 = Multiple samples are taken on a single channel. Each sample is 
taken when an external trigger occurs. A negative transition 
detected on the digital input bit causes acquisition of each 
individual sample. 


Mode 2. Multiple samples are taken on a single channel. The first sample 
is taken as soon as the configuration command is received The 
subsequent samples are taken at a user-specified clock frequency 
Each time the clock ticks, the next sample is acquired. 
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Mande 3 


Mode 1 


Mode 5 


Multiple samples are taken on a single channel. The first sample 
is taken when an external trigger occurs. The subsequent samples 
are taken at a user-specified clock frequency. 


Samples are taken on multiple channels, a sweep. A single sweep 
is defined as the acquisition of one sample from each channel. A 
single sweep samples each specified channel once per sweep A 
sweep can have between two channels and eight channels. In mode 
1, the first sample on channel 0 is taken as seon as the 
configuration command is recrived. The second sample on channe! 
1 is taken as soon as possible after the channel 0 sample is taken 
Each sample on the next channel in the sweep is taken as quickls 
as possible until the highest numbered channel in the sweep is 
sampled. Both the highest numbered channel and the clock 
frequency are user specified. In mode 4, the next sweep of the 
specified channels occurs at the next clock tick 


Samples are taken on multiple channels, a sweep. A single sweep 
is defined as the acquisition of one sample from each channel A 
single sweep samples each specified channel once per sweep Thus 
a single sweep can have between two channels and eqght channels 
In mode 5, the first sample on channel 0 is taken when an 
external trigger oecurs. The second sample on channel 1 is taken 
as soon as possible after the channel 0 sample is taken) Fash 
sample on the next channel in the sweep is taken as quickly as 
possible until the highest numbered channel in the sweep ts 
sampled. The highest numbered channel is user specified) In mode 
5. the next sweep of the specified channeis occurs when an 
external trigger is detected on channel 0 


NOTE: There are also two traggering modes tmeades 6 and 7) for the 
collection of digital data See Chapter 10 


NOTE: Sweeps are always defined as starting on channel © You can select 
the hiyghest channel used in a sweep 


External Triggers 


The external trigger is useful when your analog data device has a TTL hand, 
shaking line indicating valid data or you wish to construct a manual or auto 
matic switch to initiate data acquisition The external trigger makes use of the 
digital input barrier strip on the ADM’s front panel. Fach digital input bit 
consists of a Schmitt trigger which can detect both voltaye transitions and 
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voltage levels. When an external voltage is present on the digital input bit, 
changes in the voltage will cause the digital input bit to be set or cleared. When 
an external voltage is higher than 1.6 volts, the digital input bit is set to 1. 
When an external voltage drops below 0.8 volts, the digital input bit is set to 0 


When the ADM is configured for a mode involving external triggering, the 
digital input bit is monitored by the ADM's hardware. When the digital input 
tit changes from 1 to 0, the ADM recognizes this as an external trigger and 
starts data acquisition. Por a second external trigger to occur, the digital input 
bit must be reset to 1. This means that the voltage present on the connected 
line must rise te at least 1.6 volts to set the bit to 1. If a digital bit is currently 
Oand the voltage rises (for example, to 1.2 volts), then drops again to 05 volts, 
this will not he recognized as an external trigger 


The digital bits have Schmitt trigger inputs which fire at the voltages listed 
below. 


Maximum voltage level to set a logic 1: 16 volts 
Miminum voltage level to set a logie & OS volts 


Since the Schmitt triggers respond to voltage levels rather than to transitions, 
the digital input bit will respond to a very slowly changing \oltage as well as to 
a rapid transition in voltage levels. Because of the levels chosen for the 
Schmitt trigger firings, the digital input bits will respond to TTL lines without 
anv alteration. If your device has a handshaking line which uscs TTL to 
indicate that valid data is now being transmitted, this line can he connected 
directly te the digital input barrier strip) Also, see Chapter 10 


Rach digital input bit is associated with the analog channel numbered corre. 
spondingl For example, digital ir .c bit O is associated with channel 0, and 
digital input bit 1 is associated with channel 1) When using a single channel 
triggering mode. the external triggering line is connected to the digital input 
bit associated with the analog channel \ou are sampling If vou are sampling 
on analog channel 5, the external triggering line should be connected to digital 
input bit 5 


Sweeps always start on channel 0) For external triggering of sweeps, the 
triggering line should be connected to digital input bit 0) Trigyvering lines 
should not be connected to the other digital input bits since the ADM moves 
from one analog channel to the next as quickly as possible when configured for 
asw veep 
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Triggering lines connected to the digital input barrier strip must be part of a 
complete circuit. The ground connections on the digital input barrier strip 
should be used te complete the cirer4t and should be connected to the ground 
(associated with the handshaking line you are using! on your device Chapter 4 
of the Analog Data Module Quner’s Manual CEK-ADMPC-OM) contains more 
details on making connections to the digital input barrier strip bits. 


Clock Triggering 


The ADM’s internal clock can be used to trigger the acquisition of subsequent 
data samples. The clock allows you to choose a frequency between 0.06 Hz and 
50 kHz. When you choose a triggering mode that uses the clock to collect 
subsequent samples, the AIDM can be programmed to take the first sample 
immediately, or when an external trigger is detected The clock begins ticking 
at the selected frequency as seon as first sample is acquired. After the first 
data sample is converted, the next sample is acquired on the next clock tick In 
this way, you can take samples at a known frequency. 


The clock frequeney is selected by choosing a source frequeney and a divider 
Both of these numbers are written to the ADDM’s command registers, and the 
combination of the two is used to produce the clock frequency, There are egcht 
source frequeney ranges. Your divider is used to indicate how far above the 
minimum frequency ina source frequency range that the clock is te run Table 
%1 and the algorithm can be used to arrive at the source frequenes range and 
divider to be specified once you have decided on the frequeney range of the 
clock you would like to use. 





Table 9-1 

ADM Clock Source Frequencies 

Source Frequency  Bmary Maximum Monemum 
Number Equivatent Frequency _ Frequency 
7 111 256 kHz 1 kHz 

6 110 64 kHz 250 Hz 

5 101 16 kHz 62 5 Hz 

4 100 4 kHz 15 625 Hz 

3 O11 1 kHz 3 90265 Hz 
2 010 250 Hz 0 976563 Hz 
1 001 625 Hz 0 244141 Hz 


0 000 15 625 Hz 0 061035 H7 


— — — — — — — — — — —— — — — — — — — — — 
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Choose the frequency appropriate for your application 


Using the minimum frequency column of Table 1, find the two 
source frequencies between which the desired frequency lies 


The source frequenes will be the lower of these two source frequency 
ranges The source frequenes number chetween O and 7+ will be 
specified to the ADM as part of command bytes @ and 1 


Divide the maximum frequeney in the seurce frequenes range by the 
desired fre quency. 


Round off the quotient of this division te the nearest whele number 
Subtract |} from the quotient 


Convert the number in step 6 te binary format This is the time base 
divider to be supplied in command bytes O and 1 


NOTE: For any desired clock fresguene ereater than Db: use source 
frequenes 7 


The algorithm thus gives you twe binary nambers used te seleet the clock 
fredqueney Beeause the quotient is rounded, sometimes there is a deviation 
from the desired clock frequency The maximum possible deviation i always 
less than or equal te + /- OS of the desired frequenes range 


The following example illustrates the use of the clock frequenes alyorthm 


te 


Assume the desired frequency is 30 Hz 


Using the minimum frequenes column of the source frewuenes table, 
vou can see that 30 Hz lies between the minimum frequencies of 
seurce frequencies 1 and 5. 


The lower of the two sources is 1 This number ¢hinary boosts. 
written as part of command byte 1 The maximum frequency range 
of source range dis § kilz 


Divide kHz by 30 Hz The quotient is 135 3333 
Round off the quotient to 133 
Subtract 1 from 133 to give 132 


132 in binary is 100001000 This is the divider te be supplied in 
command bytes 0 and 1 
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Thus for a clock frequency of 30 Hz, the s-bit divider to be specified is 
NTO, and the 3-bit source frequency is 100. These two numbers are speci- 
fied in command bytes O and 1. In this particular example, the actual clock 
frequenes used by the ADM is 30.075 Hz, which is a positive error of O25 See 
Chapter 11 for the command byte format. 


Choosing a Clock Frequency 


The frequeney vou choose for the collection of analog data should be deter- 
mined by your application. The Nyquist theorem states that the sampling 
frequency used should be at least twice as high as the frequency of the highest 
component in your signal. This is to avoid aliasing, which is the misinterpreta- 
tion of a signal's frequency due to inadequate samples. Determining the fre- 
quency of the highest component of your signal is sometimes difficult. 


If vou can identify the fastest transient that you can expect and if vou can also 
determine what sampling rate will adequately identify that transient, vou can 
use that sampling speed for the entire signal. For example, if you expect that 
the fastest transients in your signal will be about O.1 seconds in duration and 
that ten samples would adequately identify those transients, a rate of 100 
sumples per second (100 Hiz) could be used for the entire sienal. By ensuring 
that the fastest transients in the signal are nov lost, vou also ensure that the 
entire signal is represented. 


When choosing a clock frequency, do not choose a frequency that causes erre- 
neous triggering. An erroneous trigger is defined as a clock tick which occurs 
before the AIM has finished converting a sample already held) Some errone- 
ous ticks cannot be detected. (See next paragraph In the case of sweeps, an 
erroneous clock tick is defined as one which occurs before the hyrhest channe! 
in the sweep has completed its conversion. 


If an erroneous clock tick occurs while the AIM is digitizing a held voltage, the 
digitization stops, and the new voltage is held. The erroneous clock tick is not 
detected. In fact, the \IDM will become hury because the clock wiil probably 
tick again while the newly held voltage is being converted. This problem can be 
avoided by choosing a clock rate within the limits listed below 


Maximum Recommended Cloct Rates 


When using a programmed yain of 1 or 4 SO kHz 
When using a programmed gain of 16 or 64 25 kHz 
When using autoranging 25 kHz 
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Sweeps 


In a sweep, each channel is sampled once as quickly as possible. After all 
channels in the sweep have been sampled once, the ADM waits until the next 
triggering event clock of external before it begins the next sweep. A sweep of 
channels is designed to oeeur as quickly as possible in order to make the 
successive data points in a single sweep as close to each other in time as 
possible. You select the number of channels in a sweep by specifying the 
highest numbered channel in the sweep as part of command byte 3 (see chapter 
11). Generally, sweeps are useful when more than one device is connected to 
the ADM, and it is desired to “read"all the devices at specified time intervals. 


Sweeps are always initiated on channel 0, and it is recommended that the 
swept channels be sequential. The ADM always samples every channel between 
and the upper limit you specify in command byte 3. This design minimizes 
the time needed to switch from one channel to the next channel. To take 
advantage of this, you should make all channels in a sweep sequential in order 
to place the data samples closely together in time. In addition, you should 
always start sweeps on channel 0 (have a device connected to channel 0). 


You should not have any channels with open inputs in a sweep. A completely 
open channel, one with nothing connected to it, will saturate the ADM's 
preamplifier. The ADM’'s preamplifier will rise to its highest output on an open 
channel. When the sweep moves to the next channel, which has valid data, the 
preamplifier may not adjust to a level appropriate for that data in time for the 
conversion. Therefore, the digital data for that sample will most likely be too 
higzh. 


You can avoid this problem if there are no open channels in a sweep. If you 
have devices which are used in your application occasionally, connect these 
devices to the higher numbered analog channels. For example, if you have 
three devices, but one device is used only sometimes. connect that device to 
channel 2. Connect the other two devices to channels 0 and 1. Then, when you 
run a sweep without the third device, vou need to change only the channe! 
specification in command byte 3. You will not have to make changes on the 
ADM’s front panel. 


If this solution is inappropriate for your applicaticn, and you want to have a 
channel unused in your sweep, you can build a NULL connector for the analog 
channel. For example, if you have five devices and you sometimes want a sweep 
of channels 0 through 4 and sometimes of channels 0, 1, 2, 3, and 5, you can 
build a NULL connector fer channel 4 when it is not being used. 
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A NULL connector is a standard analog connector (analog connectors and 
cables are supplied with the ADM) having the plus pin shorted to the return 
pin. No other connections need to be made When you wish te run a sweep 
without channel 4, simply disconnect the device from channel 4 and connect 
the NULL connector in its place. The Analog Data Module Quner's Manual 
(EK-ADMPC-OM) contains additional details on how to construct analog 
cables, connectors, and NULL connectors. 


ENDING DATA ACQUISITION 


Once the ADM begins sampling data, the AIDM continues to sample and load 
the FIFO buffer until one of the following occurs: 


[) The inhibit bit is written for a minimum of 100 microseconds. (See 
Command Byte 3, Chapter 11) 


() The FIFO buffer fills and a triggering events) occurs. The AIM 
misses a data samplets) in this case, but resumes conversion when 
the FIFO buffer clears. 


The RESET switch is depressed. 


(}) Command byte 3 is written with a new triggering mode specified. 
(See Chapter 11.) 


Some signal levels are so low that only a portion of the ADDM’s full scale range 
is being used. The ADM is capable of converting a signal in the range of 5 to 
+5 volts. The 16-bit A/D converter that the AIM uses, vrovides a resolution of 
one part in 65,536 or 153 microvolts over the full scale range. Each LSB in the 
converted value represents a unit of 153 microvolts. 


However, if the signal magnitude is very low and varies, for example, between 
Wand +0.1 volts, a resolution of 153 microvolts is possibly a significant percent- 
age of the signal. In this case, the AIDM’s preamplifier can be used to increase 
the resolution of converted values. 


The ADM’s preamplifier amplifies the analog signal before it is converted. A 
low-level signal can therefore be amplified to “look like”a higher level signal 
The value of each LSB in the converted value thus decreases. At high yain (64), 
the AIM can detect a change of as little as 2.4 microvolts 
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The preamplifier has four possible gain settings. The available gains are 1 tor 
unity gain), 4, 16, or 64 times the magnitude of the incoming signal. 


The preamplifier can be loaded either with a gain you select or with a gain 
selected by the autoranging circuitry of the ADM. The autoranging circuitry 
sumples the input voltage prier to conversion and determines a gain that 
makes use of the largest portion of the AP's range. The autoranying cir- 
cuitry dues this for every sample taken and can therefore adjust to a changing 
signal. A voltage of 0.05 volts might be given a gain of 64. The A/D converter 
then sees a signal of about 3.2 volts, and the least significant bits of the 
converted value will provide much greater resolution than if the signal had not 
been amplified. If the voltage then rises, for example, to 0.15 volts, the 
uutoranging circuitry would select a gain of 16 and the converter would see a 
signal of 2.4 volts. 


Autoranging is enabled by writing the autoranging enable bit in command 
byte 2. (See Chapter 11.) 


Autoranging can be disabled, and the preamplifier can be loaded with a gain 
you select. In this case, the preamplifier applies the selected gain to all input 
voltages, regardless of level, until reprogrammed. If the input voltage times 
the gain rises above 5.0 volts, an erroneous conversion will result. For example, 
if vou expect a signal magnitude to vary between 0 and 1.0 volts, you might 
load the preamplifier with a gain of 4. Should the signal rise to greater than 
1.25 volts, the converter will be fed a voltage greater than 5.0 volts and be 
unable to convert the value accurately. In some applications, of course, the 
signal magnitude can be predicted accurately, and this situation will not apply. 


The convenience of autoranging is offset by the additional time the autorang- 
ing circuit adds to the conversion time. The total conversion time when using 
autoranging is generally 400 microseconds. This compares to a conversion time 
of 200 microseconds for conversions using a programmed gain (autoranging 
disabled) of 1 or 4. Conversion time when using a programmed gain of 16 or 61 
(autoranging disabled) is 4100 microseconds, equivalent to the autoranging 
delay. Thus if you know, as in the example above, that your signal will vary 
only between 0 and 1.0 volts, autoranging (as opposed to loadin, the pream- 
olifier with a gain of 4) is not advised, since it doubles the conversion time. 


To select a constant programmed gain for the preamplifier, disable the 
autoranging circuitry by clearing the autoranging bit in command byte 2 and 
specify the desired gain using the two gain bits in command byte 2. (See 
Chapter 11 for the command byte format.) 
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EFFECTIVE APERTURE DELAY—SOME CAUTIONS 


Whatever gain you decide 1s appropriate for your application, including unity 
gain, you should consider the possible effect of the effective aperture delay on 
the accuracy of your data. In an ideal world, the conversion of the analog 
voltage would occur at precisely the same time as the oecurrence of the trigger 
that initiates data acquisition, whether the trigger is the clock, an external 
trigger, or immediate execution. However, this simultaneous conversion is not 
possible, and a slight delay always occurs between the time of a trigger and the 
conversion of a voltage. The delay is due to multipiexer settling times, pream- 
plifier settling times, and aperture delay times in the track-and-hold circuit. 
The sum total of all these times is called the effective aperture delay. Gener- 
ally the delay is negligible, but in some cases it may be significant. 


If your application requires . hat the collected data be as closely synchronized 
with the triggering event as possible, the effective aperture delay may be a 
problem. Your digital data will actually be somewhat later in time than the 
triggering event. To alleviate this problem, the ADM (when collecting multiple 
samples on a single channel) settles out the preamplifier output before the 
trigyering event oecurs. When the triggering event occurs, the hold circuit 
immediately freezes the preamplifier output and conversion begins. The effec- 
tive aperture delay is diminished. This mode of operation, called presettling, is 
used when the ADM is programmed for multiple samples on a sinyle channel. 


When using autoranging in conjunction with mode 1 or mode 3 (multiple 
sumples on a single channel using external triggering), vou should consider the 
fact that, with presettling, the autoranging circuit loads the preamplifier 
before the trigger occurs. The autoranging circuit samples the voltage present 
onthe nalog channel as soon as the configuration command (command byte 3) 
is received. This voltage may or may not be anything like the voltage that will 
be present when the external trigger occurs. If the channel voltaye is signifi- 
canily different by the time the external trigger occurs, the loaded gain may be 
completely inappropriate and the digitized value be over- or undcrranged. In 
fact, if the voltage is greatly different, the first few samples may be inappro- 
priately amplified since it takes a while for the amplifier to settle if it is 
saturated. In cases like this, you may want to choose a software selected gain 
and disable autoranging. Or, if appropriate to your application, you may want 
to discard the first few samples taken. 
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In modes where the samples are taken by the clock (mode 2), the autoranging 
sumples the voltage present at the analog channel and loads the appropriate 
vain into the preamplifier. The first clock tick then occurs immediately Pro- 
\ided an appropriate clock frequency has been chosen, the above problem is 
avoided. 


In mode 5 (sweeps initiated by external triggers), the autoranging circuitry 
does not sample the voltage present on channel 0 for the first sample until the 
e\ternal triyer is received. Presettling cannot be used in SWeeps since the 
uutorange gain selected would apply to the previous channel and not to the 
sample actually collected. Therefore, the problem descrihed above is asoided 
To alleviate effective aperture delay problems in sweeps, vou can select a low 
yain without autoranging This shortens the delay considerably 


Appendix B shows how the sequence of each event, channel acquisition. 
autoranging, auto-zeroing, and conversion occur in each of the different modes 


After an analog voltage is converted, the digital value is placed in the first-in 
first-cut (FIFO) data buffer along with a status byte which records the specif: 
ics of the conversion. The FIFO buffer allows data values to accumulate in the 
ADM if the host is unable to retrieve them immediatels 


The FIFO buffer contains 128 bytes of memory. In addition, there is an &-bit 
output data buffer which is used toe interface with the RTVs parallel port lines 
(port At When the RTI asserts Input Buffer Full (IBF) true, it signals that it 
received the previous data byte and is ready to receive the next data byte 
When the ADM detects IBF true, it loads the data byte at the top of the FIFO 
buffer into the output data buffer. This means that at any one time, 120 bytes 
ure available for stored converted values (128 in the FIFO buffer plus 1 in the 
data output buffer). Since each converted analog value uses three bytes (two 
for the digitized value and one for the status byte), the ADM is capable of 
buffering 43 analog values for transmission to the host (120°3 = 43) 


In order for data to flow to the host without being lost, it is necessary for the 
host to continually empty the FIFO buffer as the ADM is filling it. If the host 
cannot retrieve data quickly enough, the ADM fills the FIFO buffer and will 
not digitize any new values until the FIFO buffer can accept the next byte. If a 
trigvering event occurs before at least one data byte is emptied, the data 
sampie is not acquired and is lost. A status byte sent with the data bytes 
indicates that the FIFO buffer is full or that a triggering error has occurred 
(See Status Byte, Error Conditions, in Chapter 11) 
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While this approach requires some thoughtful analysis when collecting data at 
high rates, it does allow you to take “bursts”"oef data at the ADM’s maximum 
A D rate, and collect up to 43 valid samples at your program's con\enience 
For example, the ADM can convert samples at a rate of up to 5 khilz. If our 
application needs to sample short events at the recognition of a trigger. for 
eVample, and 43 samples will represent the event, vou can fill the ADM’. FIFO 
buffer as quickly as possible when the trigger oecurs. This data will remain in 
the FIFO buffer until retrieved; your application, therefore, does not need to 
retrieve it immediately. The last status byte will indicate a trigvering error, 
but if 13 samples are enough for your application, you can ignore the last data 


sample. 


The maximum rate at which your application can retrieve data from the AIM 
will he specific to your application. The AIM can convert analog data values at 
a peak maximum rate of 5 kilz. A continuous sampling and transmission rate 
will be less than this, but it depends upon the specifics of sour application and 
the amount of software processing you do 


The FIFO buffer is cleared only under two conditions when a new triggering 
mode and channel specification command byte is written (command byte 3), or 
the RESET button is depressed on the APV's front panel. Writing the inhibit 
bit (an command byte 2) does not clear the FIFO buffer. (See Chapter 11) 
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Chapter 10 
Using the Digital Input/Output Barrier Strips 


The ADM's front panel contains an &-bit parallel digital input barrier strip 
and a 38-bit parallel digital output barrier strip. The digital input barrier strip 
is primarily intended to be used as a means for external triggering. However, 
two triggering modes are provided in the ADM for the reception of digital 
data. The digital output barrier strip allows you to send &-bit digital data out 
to remote devices and is primarily intended to allow application-specifie com- 
mands to be sent to remote data devices. 


Each bit in the barrier strip is a pushtab connector. To connect a wire from an 
external device, use a small screwdriver, ball-point pen, or vour fingers to 
press in the red siot on the barrier strip. Insert the uninsulated end of the wire. 
Release the red tab to hold the wire in place. Two ground pushtab connections 
are also provided for each digital strip. 


THE DIGITAL INPUT BARRIER STRIP 


The digital input barrier strip may be used for external triggering, for status 
bit purposes, or for receiving digital data. 
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Digital input Barner Strp Logic 


A voltage of 0.8 volts or less sets a logical 0 in the digital input bit's logic. A 
minimum voltage of 1.6 volts sets a logical 1. The digital input bits are Schmitt 
triggers which respond to voltage levels rather than to transitions A slowly 
changing triggering signa! will cause the Schmitt trigger to fire when the 
voltage crosses the threshold of ©» volts even if that neyative transition is 
made very slowly. When the Schmitt trigger fires, the digital input bit's inter- 
nal logic is set to 0. 


The digital input bit must be reset to 1 before the Schmitt triggers can fire 
again. This means that any external line connected to the bit must rise to a 
voltage of at least 1.6 volts or higher to set the digital input bit to logical 1 
before a negative transition can again set a logical 0. 


Any device that uses Transistor-Transistor Logie (TTL) will correctly fire the 
digital input bit Schmitt triggers. A TTL High signal is defined (for output) as 
a signal between 2.4 volts and 5.0 volts. A TTL Low signal is defined as a signal 
hetween 0 and 0.5 volts. Thus TTL high will cause a 1 to be set in the digntal 
input bit and TTL low will cause a © to be set. 


Using the Digital Input Barner Strip for External Triggering 


Each digital input connector is associated with the analog channel numbered 
correspondingly for external triggering. When you have programmed the AIM 
for single channel acquisition started by an external trigger (either single or 
multiple samples— mode | or mode 3), the digital input bit associated with that 
channel is monitored for detection of a trigger signal. A trigger signal is a 
voltage carried on a wire connected to the digital input bit. When that voltage 
drops from a level above 1.6 volts to a level below 0.8 volts, the digital input bit 
is set to a logical value of 0; this is defined as an external trigger signal. The 
ADM in this case begins data acquistion. 


The external trigger is wired to the digital input bit associated with the 
selected analog channel. If you are collecting samples on channel 4, connect the 
external trigger wire to digital input bit 4. 


When you program the ADM for a sweep, the external triggering line is 
connected to digital input bit 0. Sweeps always start on channel 0, and an 
external trigger detection on digital input bit 0 starts the entire sweep. A 
triggering connection to the digital input bits associated with the other chan- 
nels used in the sweep is not necessary. 
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The external triggering capability allows data producing devices themselves to 
trigger data collection. Some devices make use of a handshaking line called 
“Data Valid"or “Data Ready,"or some other name which indicates that valid 
data is now being produced. If your device has such a line and the line con- 
forms to TTL levels, that line can be used directly for an external trigger. The 
circuit sheuld be completed by connecting a wire from the digital input barrier 
strip ground bits to the ground on your device. 


Using Switch Closures for External friggering 


The digital input bits can be wired so that external triggering is performed by 
switch closures. Each digital input bit is set to logical 1 when there is no 
voltage present. The digital input bits are internally wired to input voltage to 
themselves when no other connections are made to them. Therefore, if a nor- 
mally open switch is wired between a digtial input bit and ground, the digital 
bit will “sense"logical 1 v- hile the switch is open. Closing the switch snorts the 
digital input bit te ground; the voltage drops to 0, setting a logical 0 on the 
digital input bit. This serves as an external trigger. 


If the switch closure method is used, a capacitor should be used to bypass the 
switch to ground. This will debounce the switch aid prevent false second 
tri_sering. i igure 10-1 shows how this capacitor should be wired. There are 
two ground inputs on the digital input barrier strip. The size of the capacitor 
should be between “1 microfarads and 10 microfarads. 
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Figure 10-1 
Example of Switch Debouncing 
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The Avelog Data Module Qaner’s Manual (EK-ADMPC-OM) provides further 
information on using the digital input barrier strip for external trygering 
Also, refer to Chapter 9 for further information on modes that use evternal 
triggering. 


Using the Digita! Input Barrier Strip for Status 


Since the status byte returns the status of the digital input bit asseciated with 
the sampled analog channel regardless of whether the ADM is programmed for 
e\ternal triggering, the validity bit can be used as a status bit. If you wish te 
use a device's “Data Valid“ line for status purposes instead of external trigger- 
ing, this can he done easily. The handshaking line is connected to the digital 
input barrier strip in the same manner as described above for external trigger: 
ing lines. In this case, however, the ADM is programmed for data acquisition 
bused upen a clock, or repeated executions of single sample commands The 
validity bit can then be examined for ever, data byte that is returned Data 
bytes with validity bits indicating invalid data can be discarded. 


Since the status byte returns the digital input bit for all data acquisition 
modes, the validity bit can be used in conjuction with external triggering for 
sweeps. For example, if you want to sweep channels 0,1, and 2 using external 
trigvering to start the sweep, vou can still connect a status line to digital input 
bits 1 and 2. These bits can then be used as \ alidity bits since they play no role 
in the external triggering of the sweep. 


Collecting O:gitai Data 


The ADM provides two triggering modes for collecting *-bit digital data 
through the digital input barrier strip. Since the AIM can be configured for 
only one triggering mode at a time, using the AIM for dyotal data collection 
precludes simultaneous collection of analog data However, at times this might 
be desirable Digital data can be collected at rates up to 128 kilz. As with 
analog data at 5 khilz, this ts a burst made of operation. A continuous sampling 
and transmission rate would be less than this and would depend on the specif 
ies of your application 
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Digital data is read from the FIFO buffer in the same manner as analog data, 
except that each digital data sample occupies enly one byte. The FIPO buffer, 
therefore, can hold up to 129 digital data samples. The digital data logic 
natches thet of the incoming data lines. A lin the digital byte indicates that 
that data line was in the high state when the sample was taken Digital data in 
port A corresponds directly to the digital input bits. The MSB in port A «PAT 
reflects the data present on digital input bit 7, and the LSB (PAO) reflects the 
data present on digital input bit 0. 


NOTE: No status byte i provided for dyntal data There is therefore ne 
error indication of the BIRO buffer becomes call 


Triggering mode 6 provides for collection of a single byte of digital data from 
the digital input barrier strip. The data is read immediately when the com. 
mand byte is written to the ADM. 


Trigyering mode 7 provides for collection of multiple by tes of diygtial data from 
the digital input barrier strip. The first byte is collected immediately when the 
command byte ts written to the ADM. Subsequent command bytes are read at 
each “tick”of the ADM s clock. 


No handshaking lines are povided for triyvering modes 6 and 7 Sy nehreniza- 
tion of the ADM 's reception of data with the remote device's transmission is 
appheation dependent 


Selecting triggering mode 6 or mode 7 is done in command byte 3. in the same 
manner that analog triggering modes are selected tSee Chapter 11 for the 
command byte formats | 


USING THE DIGITAL OUTPUT BARRIER STRIP 


The ADM can be configured for digital output by setting PCH te Land PCT too 
This disables the normal command byte decoding logic, and the ADM passes 
any data received from the RTI port B lines directl, to the diyital output 
barrier strip In this way, digital data can be sent from the AIM 
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The digital output barrier strip is provided to allow control over external 
devices: Many data devices have digital input ports for command information, 
such as controlling calibration, initiating or stopping analog dtat transniis- 
sions, or other functions. Refer to the documentation provided with \ our device 
for information on hew te control it. 


The digital output strip uses Transistor-Transistor Lagic for data transmis- 
sion A digital bit of 1 produces a high output (voltage greater than 2.4 volts) 
and a digital bit of © produces a low output (voltage less than 05 velts) Data 
written to the digital output barrier strip remains latched until the next data 
byte is received. 
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Programming the ADM 





Chapter 11 
Programming the ADM 


The ADM is connected to the RTI's internal cable by the 62-pin cable supplied 
with the ADM. This cable carries all the RTI's input/output signals. On the 
ADM, however, the IEEE-488 bus connector and the two SLU connectors are 
pass-through connectors only. The ADM does not process signals on these 
interfaces in any way. The ADM is controlled through the RTI's parallel 10 
port. When you use the ADM with the RTI, the parallel port is not available for 
independent programming. 





To control the ADM, you must first configure the RTI's parallel port. The 
proper configuration for ADM control is port A, mode 1, input. port B, mode 1, 
output, and both port ( upper and port C lower configured for output. This 
configuration is accomplished by writing a control word of 264 (8), (10) 10100), 
to the parallel port command register. See Chapter 5. 


Port A is used to receive data from the ADM. The ADM’s FIFO output buffer 
is connected to the port A lines. The handshaking lines in port ( are controlled 
automatically by the ADM. When there is a data byte in the FIFO output 
buffer. the ADM asserts the STB signal true. The RTI asserts the IBF signa! 
true (high) indicating that it has received the data byte. When your application 
reads the RTI port \ register, IBF goes low, signaling the ADM to transmit the 
next data byte from the FIFO buffer. These control lines are handled automat- 
ically by the ADM. 
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Port B is used to transmit data to the ADM. The information received on these 
lines by the ADM is interpreted either as a configuration command (for analog 
or U,val data collection), as digital output data, or as calibration commands 
for either offset calibration or gain calibration. How the data on the port B 
lines is interpreted depends upon the current combined states of the PC6 and 
PC7 lines. See Table 11-1. Handshaking control lines between the RTI and the 
ADM are handled automatically for port B transmissions. 


The handshaking timing diagrams for the RTi/ADM data transfers are shown 
in Figure 11-1. 


TRANSFER TO ADM 


· ) 


PC2 (ACK) \ / 


(u) in 
TRANSFER FROM ADM 


— — 

Ce ee, —— 
— — (") 

PCS ('6F) a a ee 


) pS <'t <2 pS ‘42S 
'2 < 350 NS '§ 300 NS 
'3 1S 


(L) DATA LATCHED INTERNALLY AT THIS POINT 
(}) RTIM INTERRUPT GENERATED IF ENABLED 


Figure 11-1 
RTI/ADM Handshaking Timing Diagram 
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Most of the bits in port C are used for handshaking lines for port A and port B 
data transmissions. However, some bits are left over and are used to control 
how the ADM interprets the port B data sent to it. Bits PC6 and PC7 are used 
to control the operational mode of the ADM. Table 11-1 shows how the com- 
bined states of PC6 and PC7 indicate the operational mode of the ADM. 
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Table 11-1 

PC7 and PC6 Meanings 

PC7 PCE Meaning 

Uv 0 Analog and dujtai Command mode Port B data 15 interpreted as Command 
bytes 

( 1 Drgital output mode Port B data is sent Gwectl, to me taal Output Carnes 
Sinp 

1 0) Offset calbrahon mode Port B data « loaded inte the offset vernwer Day 


See Chapter 12 


? 1 Garin calihration mode Port B data +s loaded into the gan vermer DAC See 
Chapter 12 


— — — — — — — — — — — — — — 





—— — — — —— — - — — — —— — — — 


Bits PCG and PCT are controlled by port C bit set reset commands written to 
the RTPs parallel port command register Chapter 5 contains complete infor- 
mation on the parallel port command register. Table 11-2 summarizes the 
commands that need to he written to this command register te set or clear PC6 
and PCT. 











Table 11-2 
Commands to Set or Reset PC6 and PC7 

Octal Binary Commend 
Desired Resut Commend (first eight tuts all zeroes) 
To set PCE 035 .8) 00011101 
To set PC? 037 8 OOO119919 
To clear PC6 934 1B) 00911100 


To clear PC? 0% 8 90011110 


PU6 and PCT remain latched when a port C bit set reset command is written 
Therefore, the AIM remains in the chosen configuration until] PC6 and PCT 
are specifically rewritten 


The following paragraphs describe each operational mode. 
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When PC6 and PCT are both set to 0, the ADM is configured for analog and 
diygotal data acquisition. In this mode, al! bytes written to the ADM are consid- 
ered te be command bytes. The ADM decodes these command bytes and con- 
figures itself for either analog or digital data acquisition. Only four command 
bytes ure necessary to configure the ADM for data acquisition. In some 
instances, some of the command bytes do not need to be written. 


The four command bytes are described in Table 11-3. 





Table 11-3 
Command Byte. Overview 
Commend 
Ee 
0 54 Time base diwider bits 7 and 6 
4 Digital Darner stnp wraparound diagnostic only 
20 Clock source frequency bits 
’ 5-0 Time bate duider bits 5-0 
< 5 ⏑—— 
4 Caltation bit 
3 Digital output enable bit 
21 Preampiiher gain bit 
0 Autoranging enable bit 
3 5-3 Channe! select bits 
20 Tnggerng mode select bits 


Tables 11-4 through 11-7 describe the setting of each bit in the ec nmand by tes 


iad 


PROGRAMMING THE ADM CHAPTER 1 








Table 11-¢ 
Command Byte 0 
— — — — — EN EE — — — 
aut 
Number Value Significance 
* 6 00 Sqmhes that this « command p,te 0 
é : Tame base dwider ba 7 
4 Time hase divider bit 6 
4 1 For diagnoshc purposes only enables dartal Darner str 
wraparound 
0 Normal digital barner stup operation 
2.0 - These three bits select the real time clock source frequen, as 
shown 
210 Source Frequenc, Maumum Frequency, 
1 ? 256 kHz 
110 6 b4 kHi2 
101 5 16 bH? 
100 i 4 e 
O11 3 Thee 
010 2 250 He 
001 1 62 5 Hz 
000 0 15 625 Hz 
Table 11-5 
Command Byte 1 
Bit 
Number Value Significance 
7-6 01 Sigmifies that this is command byte 1 
5 . Time base divider bit 5 
4 ; Time base dwidier bit 4 
3 — Time base divider bit 3 
2 . Time base Givider bit 2 
1 " Time base divider bit 1 


0 ⸗ Time base divider bit 0 


TTT — — — — — — — — — — — — — — — — — — 
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Command bytes © and 1 are used to select a clock frequency. By providing a 
time hase divider and a source frequency, the real-time clock can be program- 
med See Chapter 9 for information on how to determine the time base divider 
and source frequenes 














Table 11-6 
Command Byte 2 
— — ed 
Bt 
Number Value Significance 
76 10 Sigmhes that this 1s command byte 2 
5 1 inhibits tnqgenng Setting this Dit (for at least 100 microseconds) 
causes all data acquisition to stop The FIFO tbutfer ss not cleared 
0 Normal tnggenng operation 
4 ! Crsablies all anaiog input from the multpierer and teed calibration 
inputs to channels 0 through 3 
0 Normal analog impul tram the analog channels 
3 1 Desathes dita! output bamer step The Bits are piace d in the mah 
Mpedance three state mode 
0 tnabies normal chgital ou'pul through the dhgta cotpul Darren strg 
e 1 * Sper hes the (jeaatts fo De used ty th frre atrypiitiet as sMoar Thre ce 


Dis are overnaden if the autoranging enanie Pits set te |! 


2) Gan 

OO 1 curt, — 

0! 4 

10 1 

11 4 

UV ’ fF natles autoranging T hve ait wa PNG cw gtr . cw torrmrnes the 

aptmai gain for each signal (verndes an, gar spec hed fp, bts . 
and | 

0 Disables autoranging Bits 2 and 1 specit, he gain fo be used b, 


ihe preamphher 


— — — — — — — — — — —— — — — — — — — — - - — — 
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The inhobat triggering bit chit Sis used to step any data aequie Sven euccent. 
occurring When the command byte is written: When the inhibit cat written 
set for at least 100 microseconds, the ADM stops Whatever it. ching and 
enters a held made. This hold mode can be released only by writh geen: ond 
byte 2 again with the inhibit bit clea: Data acquisition can then to restacced 
by writing command byte 3 again with either equivalent or new trigger og 
information Recause the inhibit bit must remain set for at least 1) micros - 
onds, vou will probably not be able to write the new command byte im) ormatic vy 
immediately 


When the inhibit bit is set, the data in the FIFO buffer is not clearen If the 
inhibit bit is set while a conversion is occurring, that conversion is alle ced to 
finish, but the status byte records a false triggering error 


The ADM can be restarted only by writing command byte 3 However, wreoong 
command byte 3 automatically clears the FIFO buffer Therefore. if vou. ont 
te obtain the data in the FIFO) buffer before restarting the APM. vou can 
repeated) read port A of the RTT Each read of port A will togyle the han! 
shaking lines between the AIM and the RTT and transfer the next data by 
from the FIFO buffer 
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The calibration bit (hit 4) is used during calibration, When bit 4 is set. the 
nermal inputs to the multiplexer channels are disabled and the following 
inputs are fed to channels © through # 


* Channel 0 Analog ground reference 
Channel 1 Negative full-scale reference 
Channel 2 Positive full-scale reference 
Channel 3 Bipolar triangular ramp 


Only the inputs on channels 0 aad 1 are used for calibration The channel 2 and 
inputs are used during diagnostic testing. 


Refer to Chapter 12 for information on calibrating the AIM 

When cleared, the digital output enable bit chit 3) places the bits on the digntal 
output barrier strip in the high-impedance three-state mode which is neither a 
1 nor a ®. The bits remain in this state until command byte 2 is rewritten with 
bit 3 clear, the AIM enters digital output mode, and the first data byte is 
written to the output strip. See Digital Gutput Mode below 


The programmable gain bits tbhits 2 and 1) select a gain te be used if autorany 
ing is to be disabled. 


The autoranging bit bit 0) enables or disables autoranging 


Choosing autoranging or a gain for the preamplifier is discussed more fully on 
Chapter 9. 
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Table 11-7 
Command Byte 3 
— — — — re — — — ——— — — 
Bt 
Number Vale Signincence 
7.6 11 Signifies that this is command byte 3 
§.3 = Analog channe! selechon The thre bits spect, the Channe: to be 
used for single Channe! sampling of Ye Pgh of Channel i) a saeet 
54. Channel Selected 
11 Channel 7 
110 Channel! 6 
101 Channe! 5 
100 Channel 4 
OV Channel 3 
010 Channel 2 
Ont Channel 1 
000 Channel 0 
2 0 eee Tragenng Mode Selecthon These three pits opt city hye Oe yey 


mode to as shown below 


210 Tnager Desc nption 


Mode 

111 7? Multiple digital values input through the digital mput 
barner stnp first sample intated mmedialety 
subsequent samples imated by Clock 

110 6 A single digital value input through the di ptal input 
barner strip 

101 5 Analog channel «weeps each seecp mtated by ar 
easternal tngger 

100 d Analog channel sweeps first sweep starts 
immediately, subsequent sweeps mhated Dy Cloce 

OV 3 Single analog channel multiple campies first sample 
mhated Dy external tngger subsequent sampue 
mutated hy clock 

010 2 Single analog channe! Multiple Samples fies! Sarre 
Starts immediately subsequent samples mutal’-d bd, 
clock 

001 1 single analog channel multipie samples cach sample 
(fst and subsequent) initiated Dy external tigger 

000 0 Single analug channel single sample initiated 


mmedately when command is written 
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Wroting command byte 3 clears any data in the FIFO buffer 


The meaning of the channel specifieation bits depends upon the traycrong 
Diewde selected Uf Vou select a single channe! acquisition Miewe, the chuanmte! 
spec feation bits identify the channel to be used Tf sou select a sweep trier 
ing thede, the channel specnfieation bits identify the highest numbered channel 
In the swee \' Sweeps always start on channel 0 and sweep threagh ever 
channel until the specified highest number channel is reached 


There sheuld be no unused analog channels in a sWeep See Chapter WTP ven 
select a triggering mode for digital data acquisition, the channel specification 
bits are yrnored 


The triggrering: meude bits specify the triggeering, mode te be used for data 
wequisttion Pf yvou select an analog Urygrering mode which starts inpmediatel: 
indes @, 2. and 4) the ADM begins converting the voltage on the specified 
channel immediately Ho vou select a triggering mode which starts on an exter 
nel triggger (modes 1,3. and Oa. the ADM is full) confyrured when con amand 
byte 3 is recenved and will wait indefinitely until an external tragver os 
received: Data acquisition of the first sample then begins 


Bre all triggering: miewdes involving the clock, the clock start. when the first data 
sample is acquired This ensures that the clock period between all samples i- 
equal For triggering modes that start with an external triggrer, the clock dea- 
net start until the external trageer is received and the first sample is acquired 


Chapter contains more detailed information on the triagrering: modes 


Writing the Command Bytes and Collecting Data 


To write the command bytes to the ADM, first write to the RTT parallel port 
control register the port C bit set) reset commands which clear both PC and 
PCT, these are O34 08) and 036.08) This places the ADM in analog operational 
mode Then write the four command bytes, starting with command Inte @, te 
the RTI port B register. The ADM automatically controls the handshaking 
lines for these transfers When vou have written command byte 3, either data 
acquisition starts immediately, or the AIM waits for an external trigger 


Taen itis necessary only to read the data from the RTI's port A register If vou 


have enabled interrupts for the RTVS parallel port, the data transfers can be 
entirely interrupt driven 
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Command byte 3 is the only command byte that actually starts data acquisi- 
tions. The other command bytes configure the AIM but do not initiate any 
action by the ADM. You can therefore write command bytes 0 through 2 at any 
time The specifications they select remain in place until the command byte is 
rewritten. 


Therefore, if you find it necessary to restart data acquisition using the same 
parameters (clock speed, gain, ete.) it is not necessary to rewrite conmiand 
bytes O through 2: rewriting command byte 3 is sufficient, 


Once data acquisition starts, the ADM continues running until specifically 
turned off by the inhibit bit. This allows the ADM to continue converting 
analog data while also outputting digital data through the digital output bar- 
rier strip. 


ANALOG DATA FORMAT 


Analog data is stored as three bytes. When a conversion is complete, the 
converter holds a 16-bit digital value representing the analog voltage. This 
value is written into the FIFO buffer along with a siatus byte that records 
information such as the error status, analog channel sampled, validity bit, and 
the gain applied. These are explained below. 


The high byte of the 16-bit data value is written into the FIFO buffer first. The 
low byte is written next, followed by the status byte. This is illustrated below 
in Figure 11-2. 


par ] ona] pas | one | one | ae | pat | pao | nr vont a 


HIGH DATA BYTE 


oe [or | 00 | cow oara eve 
re [sets [sf sof se] or | oo | starus ore 


Figure 11-2 
Data Fiow from the ADM to the RT! 





The ADM data output buffer is connected to port A of the RTL. The high-order 
bit of the data output buffer is connected to bit PAT, and the low-order bit of 
the output buffer is connected to bit PAO. 
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Coding Format 


Table 11-8 illustrates the coding format for converted analog values. 


The coding format is 2’s complement. 





Table 11-8 

Coding Format 

Differential Input Voltage Word Output 
Positive Full Scale (or overrange) 077777(8) 
Positive Full Scale - 1 LSB 077776(8) 
Zero volts + 1 LSB 00000 1(8) 
Zero volts 000000(8) 
Zero volts —- 1 LSB 177777(8) 
Negative Full Scale + 1 LSB 10000 1(8) 
Negative Full Scale (or underrange) 100000(8) 


Table 11-9 summarizes the bits in the status byte. 
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Status Byte 
Table 11-9 summarizes the bits in the status byte 
Table 11-9 
AOM Status Byte 
Bit 
Number Valve Significance 
7 1 An error was Aetected (t,pe is indicated by tut 6) 
0 No errors were detected If bit 71s 0 bit G6 Nas no Meaning 
6 1 A tnggenng event was detected dunng the conversion of this value 
(Or previous valuc -see below) 
0 Tne ADM FIFO buffer was filled when this value was written cor 
previous valuc - see below) 
5-3 These three bits specif, the analog channel! used 
543 Channel Used 
000 0 
001 1 
010 2 
011 3 
100 4 
101 5 
110 6 
111 7 
2 1 The valdit, bit sndicates the state of the associated digital input bu 
when the value was converted A 1 indicates the digita’ Dt was set 
to 1 (a Nigh vollage was present) 
0 The digital iNpul Dit associated ath this analog cnanne! was set to 5 
(2 low vollage was present) 
1-0 These two bits indiwate the gain used Dy, the preampiter for this 


conversion The gain bits do not indicate ahetner the gain was 
chose” , auforanging o My program control 


10 Gain 
00 1 
01 4 
10 —26 
11 04 


NOTE: The + alidity tit ts collected regardless of whether the diygutal imput 
burner strip is being used for external triggering of not 
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Once set, the error bits in the status byte remain set until a new triggering 
mone is specified using command byte 3 (see Chapter 11) When bit 7 is set. bit 
® has a meaning as described below 


Bit 6, when clear, indicates that \our application is not emptying the FIFO 
buffer at a fast enough rate When the FIFO buffer becomes full, and a 
dyntized value cannot be entered into the FIFO buffer, status bit 7 becomes set 
and bit 6s clear However, since the FIFO buffer is full, the status by te cannot 
be entered into the FIFO buffer until your application has emptied at least 
three bytes tone sampler The converted data value is then entered along with 
the status by te indicating the error condition Your applicat On, hewever, will 
not receive this byte until the $2 data samples previously entered are retrieved 
This error condition is an indication that your application needs to be opti 

mized to retrieve data faster from the FIFO buffer 


When set, bit 6 indicates that an erroneous triggering event was detected This 
could be due to the facet chat the clock frequeney vou have chosen is toe fast, 
and a clock tick ovcurred while a voltage was being converted However. it may 
also be due the fact that your application ts not retrieving data fast enough 
from the FIFO buffer, as when bit 6 is clear, When the FIFO buffer first fills 
up and a data sample cannot be entered immediately inte the FIFO buffer, bit 
7 becomes set and bit 6 is clear If the data sample cannot be entered into the 
FIFO buffer quickly enough and another triggenng event oecurs tclock or 
external), bit 6 is set and will be written into the FIFO buffer as set, when 
there is room in the FIFO buffer The data sample that should have been 
Oygitized by the triggering event os lost In this instance, although bit 6 1s set, 
the real problem is that \our application is not retrieving data fast enough 
from the FIFO buffer 


Since the status bit indicating the FIFO buffer is full cannot be loaded inte the 
FIFO buffer until you have emptied at least three bytes, our application will 
not find out immediatel, that some data has been lost You will not be able te 
determine how much data has been lost, nor its value In this case. vou should 
probably consider all the data after the error condition as corrupt, though this 
judgment is application specific You must determine that the data transmis: 
sion between the host and (DM is fast enough to prevent lost data 
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DIGITAL OUTPUT MODE 


Writing the RTVs PC6 set to 1 and PCT clear places the ADM in the digital 
output mode In this mode, any data sent from the RTE through port Bote the 
VIM is treated as digital output data and is latched direct), inte the dyntal 
output buffer The bits in the digital output barrier strip are latched with this 
data and do net change until the next data by te is received from the RTT If the 
ADM ts taken out of the diygital output mede, the digital output barrier <trip 
remains latched according to the last data byte sent to it You can return the 
digital output barrier strip to the three-state high-impedance output by using 
bit 3 of command byte 2. 


For more information on the digital output mode, refer te Chapter lo 


When PC6 is set to O and PCT is set to 1, port B data coming from the RTI 
is interpreted as calibration data fer the offset vermer DAC) When PC6 and 
PCT are both set te 1, pert B data coming from the RTI is interpreted ax 
calibration data for the gain vernier DAC) Calibration is described in Chap 
ter 12. 
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Calibration 


Chapter 12 
Calibration 





The ADM provides two vernier DACs (digital-to-analoz converters) to allow 
fine calibration of the offset and gain measurement. 


The ADM should be allowed to warm up for approximately twenty minutes 
before calibrating it. Should the temperature of your application environment 
change by a gradient of more than 2°C during fifteen minutes, the ADM may 
need recalibration. 


Offset Calibration 
The following steps should be used to calibrate the ADM for offset. 


1. Place the ADM in analog operational mode by writing PC6 and PCT 
clear. 


ws 


Configure the ADM for calibration by writing the following 
command bytes: 


Command byte 0: 00000000 000 (8) 
Command byte 1: 00100001 101 (8) 
Command byte 2: 10010000 220 (8) 
Command byte 3: 11001000 310 (8) 
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ee. 
~' 


This configures the ADM for calibration (bit 4 in command byte 2 
set) by feeding the negative full-scale reference voltage into channel 
1 and the positive full-seale reference voltage into channel 2. The 
negative full-scale reference is used to calibrate for offset. The 
positive full scale reference will he used to calibrate for gain. 


The ADM begins converting the voltage present on channel 1 and 
transmitting the data to the RTI. 


Set PC6 to © and PCT to 1 to place the RTI in the offset calibration 
mode. 


Your calibration routine should provide a means of averaging the 

returned values as they are received. The averaged value should be 
compared to @ value of 100000 (8). Steps 6 and 7 will provide a way 
to adjust the returned converted values until they equal 100000 (x). 


In the offset calibration mode, data bytes written to port B of the 
RTI are written to the ADM’s offset vernier DAC. The vernier DAC 
powers on containing the value 200 octal (10000000) The contents of 
this DAC can be changed by writing a cew data value to port B. A 
change of one LSB in the vernier DAC will change the AIM's 
returned converted values by one-half of an LS6. When you are 
using this technique, your calibration routine should write a loop 
which continues to decrease (or increase) the value in the cffset 
vernier DAC until the returned values average 100000 (8). 


Subtract one LSB from the vernier DAC register. This places the 
offset as close to zero as possible. 


The ADM is now calibrated for offset. 
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Gain Calibration 
The following steps should be used te calibrate the ADM for gain. 


tt. 


iD 


Ploce the ADM in analog operational mode by writing PC6 and PC7 
clear 


Configure the ADM for gain calibration by writing the following 
command hy tes 


Command byte 3) 1 1e)QnGH 220 (x) 


Thix ADM remains configured for calibration from the previous 
writing of command bytes @, 1, and 2. Only command byte 3 needs to 
be rewritten tu specify that saraples are new to he taken from 
channel 1 The positive full-scale reference will be used to calibrate 
for gain 


The VIM begins converting the voltage present on channel and 
tran-mitting the data to the RTL Ideally, this should 777777 os) 
If it is net, the gain vernier DAC needs to he adjusted. 


Set PC6 te 1 and PCT te 1 te place the RTI in the gain calibration 
mode 


Your calibration reutine should provide a means of averaging the 

returned \alues as thes are received The aversged \ aiue should he 
compared to a value of OT7776 08) Steps 6 und 7,will provide a way 
to adjust the returned converted values until they equal 77776 «s) 


In the gain calibration mode, data bytes written to port B of the RTI 
are written to the ADM ’s gair vernier DAC. The vernier DAC 
powers on contaming the value 200 octal The contents of this DAC 
can be changed by writing a new data value to port B A change of 
twe LSBs in the vernier DAC will change the ADM 's returned 
converted values by one LSB However, unlike the offset vernier 
DAC, increasing the value in the gain vernier DAC decreases the 
returned digitized value Decreasing the gain vernier DAC value 
increases the returned digitized value Your calibration routine 
should write a loop which continues to decrease tor increase) the 
value in the gain vernier DAC until the returned values average 
OTT 76 OND. 


The ADM is now calibrated for gain 
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XXXXX 

XXXXXXX 

XAXAXXXXX 

XXXXXXXXXXX 

XXXXAXXXXXXXX 

XXXXAXXXAXXxXXXxX 

XXXXXXXXXAXXXXxXXX 

XXXAXXXXXXXXXXXXxXxXxXx 

XXXXXXXXXXXXXXXXXXxXXX 

XXXXXXXXXXXXIXXXXXXXxXXXX 
XXXXXXXXXAXXXXIXAXXXAXXXXxXxXxX 
XAARKAAKAKAKRKAKAKKRAKAKKKRAKAKKKNX 
KRARAKRKAAKRKAKKRAKAKRAAKKAKAAKAKRKKKAKKKKK 
KRARKAAKAAKKKAKRAAKAAKAKRAAAKRAKKAKRAKKAKAAK 
RAKRKAKAKAKAAKAAKKKAKRAKRAAAKKKAKAKAAAKAKKKE 
XEAKRKKKKKAKRAKRAAKRAKRAKAAKRAKRKKKKRKKKAKKKAKK 
XARAAKAKAAKAAKAAKKAAKAAKRKKAKAAKAKAKAKKKKKAKKKKKKN 
AARAAKAAKAKKKAKKAAKRAKAAKRAKRAARAKKAKAAKRAKAKAKE 
RARKAAKAKAKAKAAAAAAKAAKRAKAKAKRAKAKAKAKKKRKAAKKKAKAKK 
RARKAKAKKRAKRAKAKRKAARAKAAKAKKKKAAAKKAKKKAKAKKAAAKAAKKAKK 
KRAKAAAAKRAAKAARAARAARAKAAAKAAAAKAAKKAKRAKAAKAAKAKKAKRAKAKAKE 
RARAKAAAKAAAKAAAAKAAKAAAKAARKKAAKAKAKAKAKAAKAKAKAKKAKAKKAAAAAKKKK 
RXKKAKAAKAAAKAKRAKAARAKRAKAAKAKAAKAKAKKAAKAKAAKAKARAKAKARAKAKKR 
AAKAREKAKKAAKRAAAKAAKAAKRAKAAKAAKAAKAAKRAARAAKRAKAKRAKRAKRAAAAKAKAKAKAKKKKE 
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ELECTRICAL SPECIFICATIONS (25°C unless noted otherwise) 
ANALOG PERFORMANCE 


The following analog specifications assume a stable operating temperature 
environment. A stable operating temperature is defined as no more than a 2° 
change in exhaust air over a 15 minute period. 


A/D CONVERTER SYSTEM (including track and hold) 


Full Seale Range (FSR): 10 Vde 
Bipolar Input + 5 Vde 
Resolution: 16 Bits 


(Binary weighted, 1 part in 65536 of FSR: 1 LSB = 15.5 ppm of FSR» 


Absolute Zero Error: 00106 FSR 
Absolute Sealing Error: u0125 FSR 
Monoticity (no missing codes 14 Bits 
guaranteed) 


No more than 3 missing codes at: 's, ':, “« FSR 
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Differential Nonlinearity: 
Relative Accuraey Error: 
Temperature Coefficients: 


Differential linearity: 

Dipolar offset: 

Gain: 
Nuise 
(based on Gaussian distribution): 
Total Conversion Time (maximum): 


Programmed gains 1, 04: 
Programmed gains 16, 64: 
Autoranging enabled (any gain): 


External Start Aperture Delay: 


INPUT MULTIPLEXER (each input line) 


On Channel Leakage Current: 
Off Input Leakage Current: 


Input Capacitance (each line to ground): 
OFF channel: 
ON channel: 


Continuous Overvoltage Protection: 
Power ON: 
Power OFF: 


Selectable Gains: 
Gain Accuracy: 
G= 1 


G= 


o2 62 
il 
He 


65525 states - 1 LSB 


+® LSB 


+ 0.07 LSB/°C 
+ 0.63 LSB/°C 
+ 0.82 LSB/°C 


RMs: 1LSB 
PEAK: 3 LSB 


200 ps 
100 ys 
100 us 


175 ns typ 
S00 ns max 


+16nA 
+2nA 


25 pF 
70 pF 


+24 V 
*10 V 


1, 4, 16, 64 


0.020% 
0.035% 
0.050% 
0.080% 
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Common-mode Reyection Ratio (mind 71 dB 

Inpot Impedance 10 meyehmes 

Full Seale Interchannel Settling Error - om. FSR 
Autoranging Seale Switch Points shownin Table A-1 
Table A-1 

Autoranging Scale Switch Ponts 

i ———————— 

F ills: ale 24°. Fultscate 1 

24”. Fullscak TB. Flic ale 4 

5 Be. Fullscale - 1”. Fuse ale 1 


1. Fullsc an 0) tJ 


— —— — — — — — — — 


NOTE: These Pistigge~ ae DT. pore ak | ecules The. covulel de (ate upter vf 
full seule 


CODING FORMAT 


The coding format i- 2s complement 


DIFFERENTIAL INPUT VOLTAGE WORD OUTPUT 
Positive Full Seale (or overrange) OT TTT Ts 
Positive Full Seale - 1 LSB OTTT Tos) 
Zero volts + 1 LSB (MMOD OS) 
Zero volts TT CLLLL EY) 
Zero volts 1 LSB 17777748 
Negative Full Seale + 1 LSB POQOO TOS) 
>egative Full Seale tor underrange) TLUCLLL EE 
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DIGITAL PERFORMANCE 

FRONT PANEL INPUTS 
Vinimam voltage level to set a logie 1 
Maximum voltage level to reset lagie 0 
Maximum voltage range 
Minimum hysteresis (Noise Margind 
Minimum input impedance 
Minimum tryger Pulse Width 


Trigger polarity 


Minimum output voltage for a logic 1 
source current 
Maximum output voltage for a lone 0 


sink current 


HOST PORT 


~Bit Input to ADM from RTT on 
with 2-wire handshaking on 


2-Bit Input to AIM from RTI on 
without handshaking 


s- Bit Output from ADM to RTI on 
with 2-wire handshaking on 


Minimum voltage level to set a logic 1 


Maximum voltage level to reset logic 0 


16 Vile 
os Vide 

* 15 Volts 
wm 

Zh ohms 
J) ns 


Negative transition 


2 Ww Nile 
@ 1104 
Oo Vie 


@ Zim 


PRO PRI 
Pen, Pe2 


Pee, PCT 
PAO - PAT 
Pea, PES 
20 Vide 


Os Vide 
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Right Selectable Frequency sources: 


Division Counter Size: 
Minimum Time Interval: 
Maximum Time Interval: 


Maximum errer in programmed value with 
interval selected between 250 ps and 16.32 
seconds: 


POWER SUPPLY 
AC Input Ranges 


Wto MW Vae «@ a Ay 
St to 20 Vac i@ 114 


VC Input Frequeney 


17 te G8 He 


26 kHz 
4 hile 
16 k¥z 

4 kHz 

1 kilz 
250 Hz 
62.5 He 
16.625 He 


X bits 
S ys 
16.22 seconds 


+ ON 
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MMMMKMMRAKRAAKRARARAKAARAAKRARAKAANRARAAAKRAARKRARAAAAARKRAKARAKANRAXAXARN 
MMMMRAMNMAKRARAAKRARARARAKAARAKARAKAKRAAKAAKRAARAAAKRARARAARARAARAARAKA 


MRRMKRMRMRAKRAARARAANARAARARKKARKAKAKARKRARAKAANKRARAKAAAARAKAAXKAKAX 
RRRKRAKKKAKAKRAKAAKAAKAARAAARANRAAARAKAARAKAAKRAARKKAAAKAARAKK AKA 
RRKNMMRRAKRKRAARAARAAARKARAARKAARAAANRAKRARARAKRAARKAKAARKAA 
RMRKAKRKKRKAAKRARARARKAAAKARAAKRRARAARARAAKRAKAAARK A 
RARRRAAARAARAKRARAARAKRARAKRAXKARKARAAKRARANRARAX 
ARRRKAAKAAKARARAAKAAARARAKARKRKAAAKRARARK KAAKRAKRK KAA 


RAMRKKKKAKRAKRAAARARAARAKAAKRAKRAAKAKAKAKRAKKRAAARAKANN 
MRARMRKXRAKRKRAKARKAAKAKRARAANRAKRARAKAAKRAKRAKAAKAKA 
MRRRKKAKAKRAKRAAKAKRAKRAAKKAAKAKRAKAAKARAKAAN 
RRXRXKRAKAKKAKARAAKRAAKKRARAKAKAKRAAKKAKAAKK KKM 

RX MRK KAKRKKAAKAAKAKAKRAKAAARARAAKKAKKN 


XXXXXXXXXXXXXXXXXXAXXxXxXX 
XXXXXXXAXXIXXXXXXXXXAXXxXX 
RRKRKKKKAKRAAKAKAAKRARKKAKK 
RUNRKRKAKKAKAAKRKKKKK KA 
XXXXXXXXXXXXXXXxXxX 
XXXAIXXXXXMXAXXXX 
XXXXXXXXXXxXxXxX 
RRXKKKKKKKX 

2.22.29 2 2 2 | 

RRXKKNX 

xxxxx 

xxx 
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xxx 

XXX XM 

RXX KKM 

XXXXXXXxXxXx 

XXXXXXXXxXxxXxXx 

XXXXXXXXXXXxXxXx 

XXXXXXXXXXXXXxXX 

XXXXXXXXXXXXXXxXxX 

XXXXXXXXXXXXXXXXxXxXX 

XXXXXXAXXXXXXAXXXXXXxXxX 

KRAKKK. CRKAKKKKAKKKKKKKAKKK 
XXXXXXXXXXXXXXXXXXAXXXXXxXxX 
XXXXXXXXXXXLILXXXXXXXXXXXXxXxXxXx 
XXXXXXXXXEIXXXXXXXXXXXXXXXXxXxXX 
XXXXXXCXXXXAXXXXXXXXXXXXXXEXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXMNMXX 
XXXXXXXXXXXXXXXAXXXAXXXXXXSFXXXXXXxXxXxXx 
XXXXXXXXXXXXXXXXESXXX 
MAKKKKKKKKKKAKKAKKAKKK CRAKAKKK KKK KAKAKAKKK KKK 
KKKKKKKKKKKKKKKKKRAKAK KKK KKK KAKAKKKKRAKKKKAK AK KK 
XMKRKKKKKKKKKKKKKKKAKKKKK KK KAKA KKK KKKKKAK KKK 
KRKKKKKKKKKKK KKK KKKRKAKKKK KAKA AKA KAKAAKAAKKAKKAKKKAKKKK KK 
KKKKKKKK KKK KKK KKK KRAKA AKA KKAKKKKAAKKAKRAAKRAKKAK KKK 
KKKKKKKKKKKKKKK KKK KK KA KAKA KKK KKK KK KAKA AKAAKAKAAKAKKKK 
KKM MRK KKK KKK KKK KKK KAKA KKK KKK AKKKAK KK KA KARAKKAKNK 
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ADM Sequence of Events 





The time line on the next page illustrates the sequence of events taken by the 
ADM in different trigger modes. Note that in all cases, the sequence of events 
is actually: channel acquisition, autoranging, auto-zeroing, and conversion 
However, the triggering events occur at different places in this sequence as 
shown below. Additional information on how the different sequences of events 
may affect your data is found in the section Effective Aperture Delay —Some 
(Cautions in Chapter 9 
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Command write sin, e@ sample: 


©CA> AR» <AZ>SCV> 


Externally triggered single samples: 
<CA><AR> ©AZ><CV><CA><ARD> €A2><CV><CA><AR> 
ET-| ET-- | 
Command erite clock triggering: 
<CA<AR><AZ><CV><CA><AR> <A2><CV><CA><AR> <A2><CV><CA><AR> 
CS} CT] CT] 
Externally started clock triggering: 
<CA><AR> “AZ><CV><CAS<AR> <AZ><CV><CA><AR> <AZ><CV><CA><ARD> 
ET |= Cs CT-. | CT | 
Command write clocked sweeps: 
<CA><AR><AZ><CVO><CA><AR><AZ><CV1>...<CV7> <CA><AR><AZ><CVO>... 
cs CT| 
Externally started sweeps: 


<CA><ARD<AZ><CVO>...<CA><AR><AZ><CV7> CCA)CARCAB)CCVO)... 
ET} ET-~} 


T=0 (Command Write) 


Key 
CA = Channel acquisition period 
AR = Autoranging and amplifier settling period 
AZ = Auto-zeroing period and signal capture (hold) 
CV = Conversion to digital period 
CS = Cloek start synchronization point 


CT = Clock trigger point 


ET = External trigger point 












IMAGE EVALUATION 
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